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PREFACE 


This  report  has  been  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I  Investi¬ 
gations.  Copies  of  these  guidelines  may  be  obtained  from  the  Office  of 
Chief  of  Engineers,  Washington,  D.C.  20314.  The  purpose  of  a  Phase  I 
investigation  is  to  identify  expeditiously  those  dams  which  may  pose 
hazards  to  human  life  or  property.  The  assessment  of  the  general  condi¬ 
tion  of  the  dam  is  based  upon  available  data  and  visual  inspections. 
Detailed  investigation,  and  analyses  involving  topographic  mapping, 
subsurface  investigations,  testing,  and  detailed  computational  evalu¬ 
ations  are  beyond  the  scope  of  a  Phase  I  investigation;  however,  the 
investigation  is  intended  to  identify  any  need  for  such  studies. 


in  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions  at  the 
time  of  inspection  along  with  data  available  to  the  inspection  team.  In 
cases  where  the  reservoir  was  lowered  or  drained  prior  to  inspection, 
such  action,  while  improving  the  stability  and  safety  of  the  dam,  removes 
tlu>  normal  load  on  the  structure  and  may  obscure  certain  conditions 
which  might  otherwise  be  detectable  if  inspected  under  the  normal  operat¬ 
ing  environment  of  the  structure. 


It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions,  and 
is  ('volutionary  in  nature.  It  would  be  incorrect  to  assume  that  the 
present  condition  of  the  dam  will  continue  to  represent  the  condition  of 
the  dam  at  some  point  in  the  future.  Only  through  frequent  inspections 
can  unsafe  conditions  be  detected  and  only  through  continued  care  and 
maintenance  can  these  conditions  be  prevented  or  corrected. 


Phase  I  inspections  are  not  intended  to  provide  detailed  hydro¬ 
logic  and  hydraulic  analyses.  In  accordance  with  the  established  Guide¬ 
lines,  the  spillway  design  flood  is  based  on  the  estimated  "Probable 
Maximum  Flood"  for  the  region  (greatest  reasonably  possible  storm  runoff), 
or  fractions  thereof.  The  spillway  design  flood  provides  a  measure  of 
relative  spillway  capacity  and  serves  as  an  aid  in  determining  the  need 
for  more  detailed  hydrologic  and  hydraulic  studies,  considering  the  size 
of  the  dam,  its  general  condition  and  the  downstream  damage  potential. 
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PHASE  I  REPORT 

NATIONAL  DAM  INSPECTION  PROGRAM 

BRIEF  ASSESSMENT  OF  GENERAL  CONDITIONS 
AND  RECOMMENDATIONS 


Name  of  Dam: 

State  &  State  No.: 
County: 

Stream: 

Date  of  Inspection: 


LAKE  LATTIMORE  DAM 
PENNSYLVANIA,  52-78 
PIKE 

DINGMANS  CREEK 
April  1,  1980 


Based  on  the  visual  inspection,  past  performance  and  the  available 
engineering  data,  the  dam  and  its  appurtenant  structures  appear  to  be  in 
fair  condition.  ' 


In  accordance  with  the  Corps  of  Engineers’  evaluation  guidelines, 
the  size  classification  of  this  dam  is  small  and  the  hazard  classifi¬ 
cation  is  high.  The  Spillway  Design  Flood  (SDF)  for  a  dam  having  these 
classifications  is  in  the  range  of  one-half  the  Probable  Maximum  Flood 
(PMF)  to  the  /ull  PMF.  The  recommended  SDF  for  this  dam  is  one-half  of 
the  PMF.  The  spillway  capacity  is  inadequate  to  pass  the  SDF  peak 
inflow  without  overtopping  the  dam.  The  project  is  capable  of  passing 
only  17  percent  of  the  PMF.  Failure  of  this  dam  will  significantly 
increase  the  hazard  to  loss  of  life  downstream  from  the  dam.  The  spillway 
capacity  is  seriously  inadequate.  The  project,  therefore,  is  considered 
to  be  unsafe,  non-emergency. 

The  following  recommendations  are  presented  for  immediate  action  by 
the  owner: 

That  a  detailed  hydrologic  and  hydraulic  engineering  analysis 
he  made  by  a  professional  engineer  with  experience  in  the 
design  and  construction  of  dams  to  determine  means  for  improv¬ 
ing  the  capacity  of  the  spillway  and  reservoir  system  so  that 
it  will  meet  the  requirements  of  the  Commonwealth  of  Pennsylvania^ 

That  all  brush  and  trees  be  removed  from  the  embankment  slopes 
and  that  a  professional  engineer,  experienced  in  the  design 
and  construction  of  dams,  be  consulted  for  the  removal  of  tree 
stumps  and  roots 


3. 


That  the  drawdown  facilities  be  made  operable  and  be  operated 
and  maintained  on  a  regular  basis^ 

fhat  the  deteriorated  areas  of  the  spillway  weir  and  walls  be 
repaired^ 

1*hat  a  formal  surveillance  and  downstream  warning  system  be 
developed  for  use  during  periods  of  high  or  prolonged 
precipitation^ 

that  an  operation  and  maintenance  manual  be  prepared  for 
guidance  in  the  operation  of  the  dam  during  normal  and  emergency 
conditions,  and  that  a  schedule  be  developed  for  the  annual 
inspection  of  the  dam  and  its  appurtenant  structures.  , 


SUBMITTED  BY: 

BERGER  ASSOCIATES,  INC. 
HARRISBURG,  PENNSYLVANIA 

DATE:  June  19,1980 
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APPROVED  BY: 
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JAMES  W.  PECK 

Colonel,  Corps  of  Engineers 
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SECTION  1  -  PROJECT  INFORMATION 


:  "N  v  f .  *i  » 


1 . 1  GENERAL 


A.  Authority 

The  Dam  Inspection  Act,  Public  Law  92-367,  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to  initiate  a 
program  of  inspections  of  dams  throughout  the  United  States. 

B.  Purpose 

The  purpose  of  this  inspection  is  to  determine  if  the  dam 
constitutes  a  hazard  to  human  life  and  property. 

1.2  DESCRIPTION  OF  PROJECT 

A.  Description  of  Dam  and  Appurtenances 

Lake  Lattimore  Dam,  formerly  known  as  Nyce  Lake  Dam,  is  an 
earthfi.ll  structure  with  a  concrete  core  wall.  The  top  of  the  dam  is  15 
feet  above  the  original  streambed  elevation.  The  embankment  is  approxi¬ 
mately  250  feet  long  and  abuts  a  state  highway  at  the  right  end.  This 
highway  borders  the  south  side  of  the  reservoir  (Plate  II,  Appendix  E) . 
The  spillway  is  located  in  the  left  abutment.  It  consists  of  a  110  foot 
long  ogee  section  which  discharges  the  water  into  a  short  grouted  riprap 
channel.  The  forebay  of  the  spillway  is  bridged  by  a  steel  beam  bridge 
supported  on  5  piers.  This  pedestrian  bridge  has  a  wooden  deck.  The 
emergency  drawdown  consists  of  two  42-inch  pipes  with  slide  gates  at  the 
upstream  end.  Access  to  the  control  structure  is  from  the  breast  of  the 
embankment . 


Location: 


Delaware  Township,  Pike  County 
U.S.G.S.  Quadrangle  -  Lake  Maskenozha, 
Pennsylvania  -  New  Jersey 
Latitude  41°-14.8',  Longitude  74<’-55.5' 
Appendix  E,  Plates  I  &  II 
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Size  Classification: 


C. 

D.  Hazard  Classification: 

E.  Ownership ; 


F.  Purpose : 


Small:  Height  -  15  feet 

Storage  -  433  acre-feet 

High  (Refer  to  Section  3.I.E.) 

Ms.  Cricket  Snearing 

Outdoor  Program  Manager 
Girl  Scout  Council  of  Greater 
Essex  Count\ 

120  Valley  Road 
Montclair,  NJ  07042 

Recreation 


G.  Design  and  Construction  History 

Lake  Lattimore  Dam  was  designed  June  1929  by  John  F.  Seem, 
C.E.,  Tannersville,  Pennsylvania,  for  the  Nyce  brothers,  the  original 
owners.  A  permit  for  construction  was  issued  by  the  Department  of 
Environmental  Resources  (PennDER)  on  August  22,  1929.  Construction 
started  in  September  of  that  year  and  was  supervised  by  the  design 
engineer.  After  a  winter  shutdown,  construction  was  completed  on  June 
18,  1930.  Repair  work  in  1965  was  designed  by  Rinker,  Kiefer  and  Rake, 
Architects-Engineers,  Stroudsburg,  Pennsylvania,  and  in  1970  by  Edward 
C.  Hess  Associates,  Stroudsburg,  Pennsylvania.  A  permit  for  the  repairs 
in  1970  (Plates  V  &  VI,  Appendix  E)  was  issued  September  8,  1970.  The 
Contractor  for  both  repairs  was  I,.  Snyder,  Dingmans  Ferry,  Pennsylvania. 


H.  Normal  Operating  Procedures 


The  reservoir  is  used  as  a  recreational  facility  during  the 
summer  months  by  the  Girl  Scouts.  Operating  procedures  do  not  exist. 
All  inflow  is  discharged  over  the  uncontrolled  spillway. 

1 • 3  PERTINENT  DATA 

A.  Drainage  Area  (square  miles) 

From  files:  9.0 

Computed  for  this  report:  11.1 

Use:  11.1 

B.  Discharge  at  Dam  Site  (cubic  feet  per  second) 

See  Appendix  D  for  hydraulic  calculations 

Maximum  known  flood  (estimated  from  2758 

U.S.G.S.  gage  records  of  Mill  Creek 
at  nearby  Mountainiiome,  Pa.) 
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Outlet  works  low-pool  outlet  at  pool  164 

Elev.  1035.0 

Outlet  works  at  pool  level  Elev.  1041.0  280 

(spillway  crest) 

Spillway  capacity  at  pool  Elev.  1044.9  3322 

(low  point  of  dam) 

D.  Elevation  (feet  above  mean  sea  level) 

Top  of  dam  (low  point  as  surveyed)  1044.9 

Top  of  dam  (design)  1045.0 

Spillway  crest  (normal  pool)  1041.0 

Upstream  portal  invert  (slide  gate  openings)  1030.0 

Downstream  portal  invert  1029.5 

Streambed  at  centerline  of  dam  -  estimate  1030.0 

D.  Reservoir  (miles) 

Length  of  normal  pool  0.5 

Length  of  maximum  pool  0.5 

E.  Storage  (acre-feet) 

Spillway  crest  (Elev.  1041.0)  199 

Top  of  dam  (Elev.  1044.9)  433 

F.  Reservoir  Surface  (acres) 

Top  of  dam  (Elev.  1044.9)  69 

Spillway  crest  (Elev.  1041.0)  53.8 

G.  Dam 

Refer  to  Plate  V  in  Appendix  E  for  plan  and  section. 

Type:  Homogeneous  earthfill  with  concrete  core  wall. 

Length:  250  feet. 


-3- 


Height:  15  feet. 

Top  Width:  10  feet. 


Side  Slopes:  Design  Surveyed 

Upstream  2H  to  IV  2.1H  to  IV 

Downstream  2H  to  IV  3.8H  to  IV 

Zoning:  Concrete  core  wall  to  elevation  1042.0. 

Grouting:  None  reported. 

H.  Outlet  Facilities 

Type:  Two  42"  diameter  concrete  pipes  through  embankment. 

Location:  Near  center  of  dam. 

Closure:  Two  42"  slide  gates  on  upstream  end. 

I.  Spillway 

Type:  Concrete  ogee  section. 

Width:  110  feet. 

Location:  Left  abutment. 

Crest  Elevation:  1041.0 

Low  Flow  Notch:  30'  wide  at  elevation  1040.9 

Approach  Channel:  120'  wide  with  bridge  located  about  40' 
upstream  of  right  end  of  ogee. 

Downstream  Channel:  Grouted  riprap  apron. 

J.  Emergency  Outlet 
See  Section  I.3.H. 
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SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

The  engineering  design  data  for  Lake  Lattimore  Dam  (Nyce  Lake)  are 
not  very  extensive  and  are  limited  to  the  construction  drawings  prepared 
by  the  design  engineers.  The  original  design  drawings,  prepared  in 
1929,  consisted  of  four  drawings  of  which  two  have  been  reproduced  as 
Plates  III  and  IV  in  Appendix  E.  One  drawing,  not  reproducible,  indicated 
that  test  pits  were  excavated.  Overburden  was  about  four  feet  thick 
consisting  of  clay  underlain  by  hard pan.  A  report  prepared  by  PennDER 
on  the  application  for  a  permit  to  construct  the  dam  indicates  that  the 
spillway  capacity  was  3375  cfs  which  was  considered  to  be  adequate. 

Repairs  to  the  facilities  were  made  in  1970.  The  available  design 
data  consists  of  two  drawings,  reproduced  as  Plates  V  and  VI  in  Appendix 
E.  Plate  V  is  a  tracing  of  one  of  the  original  drawings. 

2.2  CONSTRUCTION 


The  available  construction  data  are  limited  to  the  design  drawings 
and  some  inspection  reports  by  a  representative  of  the  State.  These 
reports  indicate  that  the  overburden  consisted  of  a  mixture  of  clay  and 
stone  over  yellow  hardpan.  The  trenches  for  the  core  wall  and  ogee 
section  were  excavated  into  this  hardpan.  A  spring  was  encountered 
during  the  excavation  to  the  right  of  the  blowoff  pipes.  The  final 
report  indicates  that  the  construction  was  apparently  accomplished  with 
good  workmanship. 

2 . 3  OPERATION 

Formal  records  of  operation  have  not  been  maintained  by  the  owner(s). 
Inspection  reports  in  the  30' s  and  40' s  indicate  that  maintenance  was 
not  good.  Indications  are  that  brush  and  trees  were  present  on  the 
embankment  slopes. 

Seepage  adjacent  to  the  blowoff  pipes  was  recorded  in  1935  and 
presumed  to  originate  from  the  spring  encountered  during  construction. 

The  original  bridge  over  the  spillway  forebay  collapsed  in  1948  and  was 
replaced  at  a  later  date. 

2 . 4  EVALUATION 

A.  Availability 

The  available  data,  consisting  of  construction  drawings  and 
inspection  reports,  are  located  in  the  files  of  PennDER. 
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B.  Adequacy 

The  available  engineering  data,  combined  with  the  visual  site 
inspection,  are  considered  to  be  adequate  for  making  a  reasonable  assess¬ 
ment  of  the  dam  and  its  appurtenant  structures. 

C.  Operating  Records 

Operating  records,  including  maximum  pool  levels,  are  not 
maintained  by  the  owners. 

D .  Post  Construction  Changes 

Besides  some  repair  work  of  the  spillway  crest  and  spillway 
abutment  walls,  a  change  was  made  to  the  top  of  the  control  tower.  The 
upper  part  of  this  structure  was  replaced  in  1970  (Plate  VI,  Appendix  E) 
and  the  access  footbridge  to  this  structure  was  replaced  with  earthfill 
between  two  retaining  walls. 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 


A.  General 


The  general  appearance  of  Lake  Lattimore  is  fair.  Brush  and 
trees  are  growing  on  the  upstream  and  downstream  slopes  of  the  embankment 
The  spillway  ogee,  section  has  some  spalling  of  concrete  and  the  gates  on 
the  outlet  facilities  are  rusted  and  could  not  be  operated  during  the 
inspection. 

The  visual  inspection  check  list  and  sketches  of  the  general 
plan  and  profile  of  the  dam,  as  surveyed  during  the  inspection,  are 
presented  in  Appendix  A  of  this  report.  Mr.  Art  Hoehne  represented  the 
owners  and  accompanied  the  inspectors. 

Photographs  taken  on  the  day  of  inspection  are  reproduced  in 
Appendix  C. 

B.  Embankment 


A  heavy  growth  of  small  trees  and  brush  is  present  on  the 
upstream  and  downstream  slopes  of  the  embankment.  Signs  of  stability 
problems  or  seepage  were  not  detected  on  the  slopes.  The  toe  of  the  dam 
was  dry.  The  design  drawings  indicate  a  long  low  embankment  paralleling 
the  state  highway.  At  the  present,  the  edge  of  the  reservoir  is  adjacent 
to  the  shoulder  of  the  highway.  It  appears  that  the  highway  has  been 
raised  and  that  a  portion  of  the  dam  embankment  was  incorporated  into 
the  highway  fill.  The  profile,  as  surveyed  (Plate  A-II),  indicates  that 
the  embankment  has  a  low  point  at  elevation  1044.9.  The  embankment  ends 
at  the  road.  The  road  forms  a  barrier  on  the  south  side  of  the  reservoir 
A  small  area  south  of  the  roadway  is  at  a  lower  elevation  and  has  no 
apparent  outlet.  The  highway  rises  to  the  east  and  prevents  any  flow  in 
that  direction. 

C .  Appurtenant  Structures 

The  spillway  forebay  was  excavated  into  the  left  hillside 
(Plate  V,  Appendix  E)  and  is  bridged  by  a  steel  beam  structure  supported 
by  five  concrete  piers.  The  concrete  of  the  piers  shows  deterioration 
(Photograph  4,  Appendix  C).  This  does  not  affect  the  safety  of  the  dam. 

The  spillway  section  is  a  110  foot  long  ogee  nearly  perpen¬ 
dicular  to  the  centerline  of  the  dam.  The  ogee  section  shows  some 
deterioration  consisting  of  exposed  aggregate  and  spalling  of  a  few 
corners  at  construction  joints.  Although  the  spalling  is  not  serious, 


preventive  maintenance  is  recommended.  The  weir  has  a  small  notch 
located  near  the  center  of  its  length  for  low  flow.  The  slab  below  the 
ogee  section  consists  of  grouted  riprap  and  is  in  fair  condition. 

A  low  concrete  wall  on  the  left  side  has  deteriorated  and 
should  be  repaired  to  prevent  future  damage  to  the  riprap  and  the  hillside 
A  concrete  wall  on  the  right  side  is  constructed  against  the  embankment 
fill.  Tills  wall  makes  a  90°  turn  at  the  toe  of  the  fill  and  forms  the 
right  spillway  wall  and  continues  as  the  headwall  for  the  outlet  pipe. 

This  wall  is  in  good  condition.  Two  42-inch  concrete  pipes  were  installed 
These  pipes  are  closed  off  with  sliding  gates  at  the  upstream  end  and 
are  operated  by  controls  located  on  the  top  of  a  concrete  endwall. 

Concrete  walls  extend  from  the  tower  to  the  embankment.  Backfill  was 
placed  between  these  walls,  thus  providing  access  to  the  tower  from  the 
embankment.  The  gates  were  last  operated  in  1970.  On  the  day  of  inspec¬ 
tion,  the  gates  could  not  be  budged.  The  operating  mechanism  is  heavily 
rusted . 

D.  Reservoir  Area 

The  reservoir  is  surrounded  by  wooded  slopes  except  where  the 
highway  borders  the  reservoir.  The  banks  appeared  to  be  stable. 

E.  Downstream  Channel 


The  downstream  channel  below  the  spillway  is  a  natural  stream 
with  exposed  rocks  on  the  bottom  and  sides.  The  channel  passes  under 
the  highway  about  500  feet  downstream  from  the  dam  and  flows  through  a 
State  park  half  a  mile  further  downstream.  Extensive  picnic  facilities 
exist  in  this  park  within  the  floodplain.  There  are  several  cottages 
near  the  stream  about  7700  feet  downstream.  A  potential  hazard  to  loss 
of  life  exists  downstream  if  the  dam  fails.  The  hazard  category  for 
this  dam  is  considered  to  be  "High." 

3.2  EVALUATION 


The  overall  visual  evaluation  of  these  facilities  indicates  that 
the  dam  and  its  appurtenant  structures  are  in  fair  condition,  mainly  due 
to  poor  or  non-existing  maintenance  procedures.  Recommendations  include 
removal  of  all  brush  and  trees  from  the  embankment  and  some  repair  of 
the  spillway  weir  and  walls.  The  sliding  gates  on  the  outlet  should  be 
greased  and  operated  at  regular  intervals. 


-8- 


SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 


The  operational  procedures  at  Lake  Lattimore  Dam  are  limited.  The 
reservoir  is  used  for  recreation  and  the  pool  level  is  maintained  at  the 
elevation  of  the  spillway  crest.  Any  additional  inflow  is  discharged 
over  the  spillway. 

4.2  MAINTENANCE  OF  DAM 

The  top  of  the  dam  provides  access  to  the  Girl  Scout  Camp  and  is 
kept  free  of  trees  and  brush.  The  embankment  slopes,  however,  are 
covered  with  trees  and  brush  and  no  maintenance  has  been  provided. 

4 . 3  MAINTENANCE  OF  OPERATING  FACILITIES 

The  gates  on  the  outlet  pipes  have  not  been  maintained  or  operated 
during  the  past  10  years.  The  handle  to  operate  the  gate  stems  is 
stored  in  the  basement  of  the  caretakers  house. 

4 . 4  WARNING  SYSTEM 

A  formal  surveillance  and  downstream  warning  system  does  not  exist 
at  the  present  time. 

4.5  EVALUATION 


The  operational  procedures  for  these  facilities  should  include  the 
removal  of  trees,  brush  and  high  weeds  on  an  annual  basis.  The  operating 
mechanism  of  the  sliding  gates  should  be  greased  regularly  and  the  gates 
should  be  opened  at  least  on  an  annual  basis. 

A  formal  surveillance  and  downstream  warning  system  should  be 
developed  for  use  during  periods  of  high  or  prolonged  precipitation. 
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SECTION  5  -  HYDROLOGY/HYDRAULICS 


5.1  EVALUATION  OF  FEATURES 


A.  Design  Data 


The  hydrologic  and  hydraulic  analyses  available  from  PennDER 
for  Lake  Lattimore  Dam  were  not  very  extensive.  No  stage-discharge 
curve,  stage-storage  curve,  unit  hydrograph,  nor  flood  routings  were 
contained  in  the  PennDER  files. 

B.  Experience  Data 


There  are  no  records  of  flood  levels  at  Lake  Lattimore  Dam. 
Based  on  records  of  the  U.S.G.S.  stream  gage  on  Mill  Creek  at  nearby 
Mountainhome,  Pa.,  the  maximum  inflow  to  Lake  Lattimore  is  estimated  to 
be  2758  cfs.  This  flood  was  apparently  passed  without  difficulty. 

C.  Visual  Observations 


On  the  date  of  the  inspection,  no  conditions  were  observed 
that  would  indicate  that  the  appurtenant  structures  of  the  dam  could  not 
operate  satisfactorily  during  a  flood  event  until  the  dam  is  overtopped. 

It  was  noted  that  the  gates  on  the  outlet  works  are  rusted  and  could  not 
be  operated.  Upstream  of  Lake  Lattimore  are  three  manmade  dams  and  two 
natural  lakes.  These  impoundments  were  included  in  the  hydrologic 
evaluation  in  Appendix  D. 

D.  Overtopping  Potential 

Lake  Lattimore  has  a  total  storage  capacity  of  433  acre-feet 
and  an  overall  height  of  15  feet,  both  referenced  to  the  top  of  the  dam. 
These  dimensions  indicate  a  size  classification  of  "Small,"  the  hazard 
classification  is  "High"  (See  Section  3.I.E.). 

The  recommended  Spillway  Design  Flood  (SDF)  for  a  dam  having 
the  above  classification  is  in  the  range  of  one-half  the  Probable  Maximum 
Flood  (PMF)  to  the  full  FMF.  Because  of  the  size,  the  recommended  SDF 
is  one-half  the  PMF.  For  this  dam,  the  SDF  peak  inflow  is  11,085  cfs 
(See  Appendix  D  for  HEC-1  inflow  computations). 

Comparison  of  the  estimated  SDF  peak  inflow  of  11,085  cfs  with 
the  estimated  spillway  discharge  capacity  of  3,322  cfs  indicates  that  a 
potential  for  overtopping  of  Lake  Lattimore  exists. 

An  estimate  of  the  storage  effect  of  the  reservoir  and  routing 
of  the  computed  inflow  hydrograph  through  the  reservoir  shows  that  this 
dam  does  not  have  the  necessary  storage  available  to  pass  the  SDF  without 


overtopping.  Tin*  spi 1 l way- reservoir  system  can  pas;  onlv  a  flood  event 
equal  to  \1X  of  a  PMK. 

K.  Djit^Jireak  I'v.'i  1  on t_l  on 

The  calculations  to  determine  the  behavior  of  the  da-,  in  th- 
event  of  an  overtopping,  and  a  re  suiting  breaching  of  the  embankment 
Indicates  that  tlvre  will  be  a  substantial  increase  in  water  levels 
downstream  from  tin*  dam. 

Several  cottages  are  located  about  7,700  feet  downstream  from 
tin  lam.  On  t  tie  basis  of  the  results  of  a  dam  break  analysis,  usitir  the 
U.S.  Army  Corps  ot  engineers  HKC-1  program,  the  water  surface  elev.it  ion; 
in  the  vicinity  ot  t  lie  houses  have  been  compared  for  several  conditi  m 
prior  to  and  after  a  dam  break.  (Refer  to  Table  1,  Appendix  1*).  for  at. 
earth  embankment,  1l  Is  estimated  that  one-half  foot  o‘  overtopping 
would  result  in  a  breach.  For  this  report,  it  was  assumed  that  the 
concrete  core  wall  would  fall  when  the  embankment  erodes.  Calculations 
Indicate  that  22  percent  of  the  PMK  inflow  would  cause  an  overtopping  of 
0.5  foot.  The  increase  in  water  levels  downstream  due  to  overtopping  ot 
1/2  foot  with  no  failure  as  compared  to  no  overtopping  would  bee.1'  t‘  .  • 
toot.  Wlii le  more  property  would  be  exposed  to  flooding,  the  increase  to 
the  hazard  to  loss  of  life  is  not  considered  significant.  With  failure, 
however,  'he  breaching  analysis  indicates  a  rise  of  1.6  feet  above  the 
flow  level  Just  prior  to  breach  when  considering  a  15  minute  time  to 
complete  the  breach  ami  a  1.0  foot  rise  above  flow  level  just  prior  to 

breach  when  considering  a  one  hour  time  to  complete  the  breach.  flic 

lucre. re  In  hart  a  rd  to  loss  of  life  and  propert\  damage  is  reflected  not 

only  in  the  Increase  in  depth  of  water  of  1.6  feet  in  the  15  minute 

breach  and  1.0  foot  in  the  one  hour  breach,  but  more  significantly  in 
the  shorter  time  to  reach  the  peak.  Less  time  would  be  available  to 
respond  to  the  flooding  under  the  breach  conditions. 

Reing  an  entlh  embankment,  it  is  judged  that  the  breach  wouLd 
be  completed  between  the  15  minute  and  the  one  hour  period.  The  numerical 
difference  of  water  levels  is  0.6  foot.  The  property  damage  would  be 
similar  with  either  time  of  failure.  Again,  however,  the  time  factor  is 
most  significant  regarding  loss  of  life.  Calculations  indicate  that  the 
water  depth  will  increase  at  a  rate  of  1.6  feet  in  30  minutes  under  the 
15  mi  mite  breach  condition. 

Three  dams  and  two  natural  lakes  are  located  upstream  of  Lake 
Lattimore  Dam.  For  this  evaluation,  none  of  those  dams  were  considered 
to  have  failed  (See  Appendix  D). 

On  the  basis  of  those  calculations,  it  is  concluded  that  the 
hazard  to  loss  of  life  and  property  damage  is  signi f leant  1 y  increased 
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when  the  dam  Is  overtopped  and  failed  as  compared  to  the  condition  just 
prior  to  failure. 


Refer  to  Table  1,  Appendix  D,  for  comparison  of  flood  water 

levels. 


F.  Spillway  Adequacy 

The  small  size  category  and  high  hazard  category,  in  accordance 
with  the  Corps  of  Engineers  criteria  and  guidelines,  indicates  that  the 
spillway  design  flood  for  this  dam  should  be  in  the  range  of  one-half 
the  Probable  Maximum  Flood  (PMF)  to  the  full  PMF.  The  recommended  SDF 
is  one-half  PMF. 

Calculations  show  that  the  spillway  discharge  capacity  and 
reservoir  storage  capacity  combine  to  handle  only  17%  of  the  PMF  (Refer 
to  Appendix  D). 

Since  the  spillway  discharge  and  reservoir  storage  capacity 
cannot  pass  one-half  of  the  PMF  and  because  the  downstream  hazard  to 
loss  of  life  is  high  and  this  hazard  is  significantly  increased  when  the 
dam  fails  as  compared  to  just  prior  to  failure,  the  spillway  is  judged 
to  be  seriously  inadequate. 

The  hydrologic  analysis  for  this  investigation  was  based  upon 
existing  conditions  of  the  watershed.  The  effects  of  future  development 
were  not  considered. 


SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 
A.  Visual  Observations 


1.  Embankment 


The  visual  inspection  of  Lake  Lattimore  Dam  did  not 
detect  any  signs  of  embankment  instability.  There  were  no  signs  of 
sloughs  or  seepage.  The  downstream  slope  is  apparently  flatter  than  the 
design  drawings  indicate.  Additional  fill  was  placed  to  the  top  of  the 
right  spillway  wall. 

2 .  Appurtenant  Structures 

The  spillway  weir  and  walls  show  some  deterioration,  but 
are  apparently  stable.  No  excessive  settlement  or  deflection  was  noted 
during  the  inspection.  The  outlet  and  control  structure  appears  to 
be  in  good  stable  condition.  There  were  no  signs  of  cracking  or  movement 
in  the  joints. 

B.  Design  and  Construction  Data 
1.  Embankment 


The  typical  section  and  plans  in  Appendix  E  indicate  that 
a  concrete  core  wall  was  placed  in  a  trench.  This  wall  has  an  indicated 
base  width  of  about  2.5  feet  and  extends  up  to  one  foot  above  normal 
pool  level.  Inspection  reports  indicate  that  the  foundation  for  this 
core  wall  was  inspected  and  approved  by  a  State  engineer.  A  12-inch 
thick  layer  of  riprap  was  placed  on  the  upstream  slope.  There  are  no 
indications  of  a  toe  drain. 

2 .  Appurtenant  Structures 

The  concrete  ogee  section  is  keyed  into  the  hardpan  and 
has  a  base  width  of  six  feet  and  appears  to  be  adequate  for  the  height 
of  construction.  Details  of  the  abutment  walls  are  limited.  The  walls 
are  not  reinforced.  Photographs  taken  during  construction  indicate  wall 
thickness  of  two  to  four  feet,  varying  with  height. 

The  spillway  slab  downstream  of  the  weir  consists  of 
grouted  handlaid  riprap  with  a  two  foot  deep  cutoff  wall  at  the  downstream 
end  (Plate  IV,  Appendix  E). 

The  concrete  at  the  upstream  end  of  the  outlet  pipe 
apparently  deteriorated  considerably  and  was  replaced  in  1970  with  new 
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concrete  starting  at  about  2.5  feet  above  the  top  of  the  pipes  (Plate 
VI,  Appendix  E).  The  walls  extending  from  this  tower  to  the  embankment 
are  reinforced.  The  embankment  foundation  apparently  has  consolidated 
sufficiently  so  that  these  walls  have  not  settled  or  cracked. 

The  outlet  pipe  has  one  seepage  collar  besides  the  cutoff 
wall  formed  by  the  core  wall. 

C.  Operating  Records 

Operating  records  for  this  dam  have  not  been  maintained. 

D.  Post  Construction  Changes 

Changes  were  limited  to  repair  work  on  the  spillway  wall  (in 
1965)  and  the  reconstruction  of  the  intake  control  structure.  The 
reconstruction  of  the  highway  in  the  early  60's  included  raising  the 
roadway  and  incorporating  the  embankment,  paralleling  the  road,  into  the 
roadway  fill. 

E.  Seismic  Stability 

This  dam  is  located  in  Seismic  Zone  1  and  it  is  considered 
that  the  static  stability  is  sufficient  to  withstand  minor  earthquake- 
induced  dynamic  forces.  No  studies  or  calculations  have  been  made  to 
confirm  this  assumption. 
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SECTION  7  -  ASSESSMENT  AND  RECOMMENDATIONS 


7.1  DAM  ASSESSMENT 


A.  Safety 

The  visual  inspection  and  the  review  of  the  available  design 
and  construction  data  indicate  that  Lake  Lattimore  Dam  is  in  fair  condi¬ 
tion.  The  design  of  the  dam  appears  to  be  adequate  and  the  inspection 
did  not  detect  any  signs  of  instability  or  seepage  that  could  indicate 
an  unsafe  condition.  Improved  maintenance  practices  are  required  to 
ensure  continued  safe  operation  of  the  facilities. 

The  hydrologic  and  hydraulic  computations  indicate  that  the 
combination  of  reservoir  storage  capacity  and  the  spillway  discharge  are 
adequate  to  pass  only  17  percent  of  the  PMF.  Failure  of  the  dam  due  to 
overtopping  will  significantly  increase  the  hazard  to  loss  of  life 
downstream  of  the  dam.  The  spillway  capacity  is  seriously  inadequate. 
The  dam,  therefore,  is  considered  to  be  unsafe,  non-emergency. 

B.  Adequacy  of  Information 


The  design  and  construction  information  contained  in  the  files 
of  PennDER,  combined  with  the  visual  inspection,  are  considered  to  be 
adequate  for  making  a  reasonable  assessment  of  this  dam. 

C.  Urgency 

The  recommendations  presented  below  should  be  implemented 
immediately. 

D.  Additional  Studies 

A  detailed  hydrologic  and  hydraulic  analysis  should  be  performed 
by  a  professional  engineer,  experienced  in  the  design  and  construction 
of  dams,  to  determine  means  for  improving  the  capacity  of  the  spillway. 

7.2  RECOMMENDATIONS 

In  order  to  assure  the  continued  satisfactory  operation  of  this 
dam,  the  following  recommendations  are  presented  to  the  owner  for  imme¬ 
diate  implementation: 

1.  That  a  detailed  hydrologic  and  hydraulic  engineering  analysis 
he  made  by  a  professional  engineer  with  experience  in  the 
design  and  construction  of  dams  to  determine  means  for  improv¬ 
ing  the  capacity  of  the  spillway  and  reservoir  system  so  that 
it  will  meet  the  requirements  of  the  Commonwealth  of  Pennsylvania. 
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That  all  brush  and  trees  bo  removed  from  the  embankment  slopes 
and  that  a  professional  engineer,  experienced  in  the  design 
and  construction  of  dams,  he  consulted  for  the  removal  of  tree 
.1  Lumps  and  roots. 

That  the  drawdown  facilities  be  made  operable  and  be  opera i ed  <ud 
maintained  on  a  regular  basis. 

That  the  deteriorated  areas  of  the  spillway  weir  and  walls  be 
rep a i red . 

That  a  formal  surveillance  and  downstream  warning  system  be 
developed  for  use  during  periods  of  high  or  prolonged 
precipltat Ion. 

That  an  operation  and  maintenance  manual  be  prepared  for 
guidance  in  the  operation  of  the  dam  during  normal  and  emergency 
conditions,  and  that  a  schedule  be  developed  for  the  annual 
Inspection  of  the  dam  and  its  appurtenant  structures. 


CHECK  LIST 


PHASE  I  -  VISUAL  INSPECTION  REPORT 


PA  DER  #  52 

00 

r- 

NDI  NO.  PA-00406 

NAME  OF  DAM 

Lake  Lattimore  Dam 

_  HAZARD 

CATEGORY  High 

TYPE  OF  DAM 

Earth  embankment 

LOCATION  Delaware 

TOWNSHIP 

Pike 

COUNTY,  PENNSYLVANIA 

INSPECTION 

DATE 

4/1/80 

__  WEATHER 

Clear,  sunny  TEMPERATURE  40-50 

INSPECTORS: 

R. 

Houseal 

(Recorder) 

OWNER 

'S  REPRESENTAT 1 VE (s) : 

H. 

Jongsma 

Art 

Hoehne 

R. 

Shi reman 

A. 

Bartlett 

NORMAL  POOL  ELEVATION:  1041. 0  AT  TIME  OF  INSPECTION: 

BREAST  ELEVATION:  1045.0  (Design)  POOL  ELEVATION:  1041.15 

SPILLWAY  ELEVATION:  1041.0  TAILWATER  ELEVATION: _ 

MAXIMUM  RECORDED  POOL  ELEVATION:  No  records 

GENERAL  COMMENTS: 

Attempted  to  open  gates;  not  successful. 


A-  1 


VISUAL  INSPECTION 
EMBANKMENT 


NDI  NO.  PA-00406 


OBSERVATIONS  AND  REMARKS 

A.  SURFACE  CRACKS 

None  evident. 

B.  UNUSUAL  MOVEMENT 
BEYOND  TOE 

None  evident. 

C.  SLOUGHING  OR  EROSION 
OF  EMBANKMENT  OR 
ABUTMENT  SLOPES 

None  evident . 

D.  ALIGNMENT  OF  CREST: 
HORIZONTAL: 
VERTICAL: 

Horizontal  -  good. 

Vertical  -  Refer  to  Profile,  Plate  A-II. 

E.  RIPRAP  FAILURES 

No  riprap  failures  evident. 

F.  JUNCTION  EMBANKMENT 
&  ABUTMENT  OR 

SPILLWAY 

Abutment  good  at  bridge  and  near  roadway. 

G.  SEEPAGE 

None  observed. 

H.  DRAINS 

None  observed. 

J.  GAGES  &  RECORDER 

None. 

K.  COVER  (GROWTH 


Trees  and  brush  on  both  slopes  upstream  and 
downstream.  Crest  -  grass  covered. 


ND I  NO.  PA-00  406 


VISUAL  INSPECTION 
OUTLET  WORKS 


OBSERVATIONS  AND  REMARKS 

A.  INTAKE  STRUCTURE 

Headwall  with  gates  and  controls  for  two  42"  pipes. 

B.  OUTLET  STRUCTURE 

Endwall  through  which  the  two  42"  steel  pipes 
discharge. 

C.  OUTLET  CHANNEL 

Excavated  open  channel  with  brush  and  small  trees 
on  the  near  1:1  side  slopes.  Channel  is  clear  of 
obstructions. 

D.  GATES 

Two  42"  gates  controlling  the  discharge  through 
the  42"  0  steel  pipes.  Rising  stem  type  controls 
are  rusty  and  need  some  maintenance  attention. 

E.  EMERGENCY  GATE 

Refer  to  D.  above. 

F.  OPERATION  & 
CONTROL 

Unknown.  Gates  probably  last  opened  in  1970. 

G.  BRIDGE  (ACCESS) 

Approach  directly  from  embankment.  No  bridge. 
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VISUAL  INSPECTION 
SPILLWAY 


NDI  NO.  PA- 00 406 


OBSERVATIONS  AND  REMARKS 

A.  APPROACH  CHANNEL 

Approach  channel  is  from  side  of  main  reservoir. 

It  turns  90°  to  the  right  to  meet  the  main 
spillway. 

B.  WEIR: 

Crest  Cond i t ion 
Cracks 

Oe  ter i ora t i on 
Founda  t i on 
Abutments 

The  spillway  is  an  ogee  type  section.  Its  condi¬ 
tion  is  fair  as  indicated  bv  exposed  aggregate 
and  the  loss  of  some  spots  along  the  crest. 

The  walls  are  in  good  condition  showing  only 
slight  cracks.  They  are  vertical  and  do  not 
appear  to  have  settled  or  otherwise  been  displaced. 

C.  DISCHARGE  CHANNEL: 
Lining 

Cracks 

Stilling  Basin 

Discharge  channel  below  ogee  is  stone  lined  and 
has  a  slope  break  in  the  Plow  path.  Several 
large  (4"  to  6")  clump  trees  are  growing  in  the 
channel  just  at  the  toe  of  the  chute.  There 
is  no  stilling  basin. 

D.  BRIDGE  6  PIERS 

One  bridge  spans  the  approach  channel.  Refer  to 
sketch  for  location.  It  has  1  concrete  piers 
which  support  two  steel  girders  and  a  wooden 
deck . 

E.  GATES  A  OPERATION 
EQUIPMENT 

None. 

F.  CONTROL  f,  HISTORY 

No  records. 
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ND I  NO.  PA-00  A06 


VISUAL  INSPECTION 


OBSERVATIONS  AND  REMARKS 

INSTRUMENTATION 

Monumentation 

None. 

Observat ion  Wells 

None. 

Weirs 

None. 

P i ezometers 

None. 

Staff  Gauge 

None. 

Other 

None . 

RESERVOIR 

Slopes 

Wood  I. -Kids'. 

Sed imentat ion 

None  reported  4:  It. 

Watershed 

Dcscr i pt ion 

Lightly  wooded,  some  residential  developments. 

DOWNSTREAM  CHANNEL 

Cond i t i on 

Natural  stream,  Dingman  Creek. 

Stone  bottom. 

S 1  opes 

Wooded,  moderate  slopes. 

Approx i mate 

Popu 1  at i on 

Varies.  Child  State  Park  about  1/2  mile  down¬ 
stream.  Dingmans  Ferry  is  4  miles  downstream. 

No.  Homes 

Several  collages  near  the  stream  about  7700 
feet  downstream. 
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CHEMATIC  PLAN 
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APPENDIX  B 

CHECKLIST  OF  ENGINEERING  DATA 


APPENDIX  B 


PA  DER  H  52-78 


NDI  NO.  PA-00 406 


CHECK  LIST 
ENGINEERING  DATA 


NAME  OF  DAM  Lake  Lattimore  Dam 


ITEM 

REMARKS 

AS-BUILT  DRAWINGS 

Not  existing. 

Design  drawings  in  PennDER  files. 

REGIONAL  VICINITY  MAP 

U.S.G.S.  Quadrangle  -  Lake  Maskenozha,  PA-NJ 

See  Plate  II,  Appendix  E 

CONSTRUCTION  HISTORY 

Foundation  inspection  reports  by  state 
representative. 

GENERAL  PLAN  OF  DAM 

Plate  V,  Appendix  E. 

TYPICAL  SECTIONS 

OF  DAM 

Plate  III,  Appendix  E. 

OUTLETS: 

PLAN 

DETAILS 

CONSTRAINTS 
DISCHARGE  RATINGS 

> 

Plates  III  through  VI,  Appendix  E. 

None . 

None . 

ITEM 


REMARKS 


RAINFALL  & 

RESERVOIR  RECORDS 

No  records. 

DESIGN  REPORTS 

Not  available. 

GEOLOGY  REPORTS 

None . 

DESIGN  COMPUTATIONS: 
HYDROLOGY  6 

HYDRAULICS 

DAM  STABILITY 

SEEPAGE  STUDIES 

None. 

MATERIALS  INVESTIGATIONS: 
BORING  RECORDS 
LABORATORY 

FIELD 

None. 

None. 

3  test  pits. 

POST  CONSTRUCTION 

SURVEYS  OF  DAM 

None. 

BORROW  SOURCES 

Unknown. 

NDI  NO.  PA-00  406 


ENGINEERING  DATA 


ITEM 

REMARKS 

MONITORING  SYSTEMS 

None. 

MODIFICATIONS 

None. 

HIGH  POOL  RECORDS 

No  records. 

POST  CONSTRUCTION 
ENGINEERING  STUDIES 
£  REPORTS 

None. 

PRIOR  ACCIDENTS  OR 
FAILURE  OF  DAM 

Descr ipt ion : 

Reports : 

None. 

MAINTENANCE  & 

OPERATION  RECORDS 

None,  except  inspection  reports  by  state. 

SPILLWAY  PLAN,  SECTIONS 
AND  DETAILS 

Plate  IV  and  V,  Appendix  E. 

A 


B-3 


ITEM 


REMARKS 


OPERATING  EQUIPMENT, 
PLANS  t  DETAILS 

Two  upstream  slide  gates  on  construction 
outlet . 

CONSTRUCTION  RECORDS 

Inspection  report  by  state  during  the  excavation 
period . 

PREVIOUS  INSPECTION 
REPORTS  6  DEFICIENCIES 

None, 

MISCELLANEOUS 


NDI  NO.  PA-00406 

CHECK  I  I  ST 

HYDROLOGIC  ANh" HYDRAULIC 
ENGINEERING  DATA 

DRAINAGE  AREA  CHARACTERISTICS:  woodland  and  swamps 

ELEVATION: 

TOP  NORMAL  POOL  &  STORAGE  CAPACITY:  [lev.  1041 _ Acre-Feet  199 

TOP  FLOOD  CONTROL  POOL  6  STORAGE  CAPACITY:  Elev.  1044.9  Acre-Feet  433 

MAXIMUM  DESIGN  POOL:  _ Elev.  1045 _ 

TOP  DAM: _ Elev.  1044.9 _ 

SPILLWAY: 

a.  Elevation  1041  with  low  flow  notch  at  1040.9 

b.  Type  concrete  ogee  section _ 

c.  Width  110' 

d.  Length  — _ 

e.  Location  Spillover  left  abutment _ 

f.  Number  and  Type  of  Gates  none _ 

OUTLET  WORKS: 

a.  Type  two  42"  diameter  concrete  pipes  with  slide  Rates 

b.  Location  _ center  of  dam _ 

c.  Entrance  inverts  ] O  )Q _ 

d.  Exit  inverts  _ 1  0  10 _ 

e.  Emergency  drawdown  facilities  _ 2  slide  eat  os _ 

HYDROMETEOROLOGICAL  GAGES: 

a.  Type  none 

b.  Location 

c.  Records 

MAXIMUM  NON-DAMAGING  DISCHARGE:  1  )22  efs _ 

I 

I 

I 


B-5 


APPENDIX  C 
PHOTOGRAPHS 


APPENDIX  C 


APPENDIX  D 

HYDROLOGY  AND  HYDRAULIC  CALCULATIONS 


APPENDIX  D 


SUMMARY  DESCRIPTION 
OF 

FLOOD  HYDROGRAPH  PACKAGE  (HEC-1) 
DAM  SAFETY  VERSION 


The  hydrologic  and  hydraulic  evaluation  for  this  inspection  report 
has  employed  computer  techniques  using  the  Corps  of  Engineers  computer 
program  identified  as  the  Flood  Hydrograph  Package  (HEC-1)  Dam  Safety 
Version. 

The  program  has  been  designed  to  enable  the  user  to  perform  two 
basic  types  of  hydrologic  analyses:  (1)  the  evaluation  of  the  over¬ 
topping  potential  of  the  dam,  and  (2)  the  capability  to  estimate  the 
downstream  hydrologic-hydraulic  consequences  resulting  from  assumed 
structural  failures  of  the  dam.  A  brief  summary  of  the  computation 
procedures  typically  used  in  the  dam  overtopping  analysis  is  shown 
below. 

Development  of  an  inflow  hydrograph  to  the  reservoir. 

Routing  of  the  inflow  hydrograph (s)  through  the  reservoir 
to  determine  if  the  event (s)  analyzed  would  overtop  the 
dam. 

Routing  of  the  outflow  hydrograph (s)  of  the  reservoir  to 
desired  downstream  locations.  The  results  provide  the 
peak  discharge  and  maximum  stage  of  each  routed  hydrograph 
at  the  outlet  of  the  reach. 

The  output  data  provided  by  this  program  permits  the  comparison  of 
downstream  conditions  just  prior  to  a  breach  failure  with  that  after  a 
breach  failure  and  the  determination  as  to  whether  or  not  there  is  a 
significant  increase  in  the  hazard  to  loss  of  life  as  a  result  of  such  a 
failure. 

The  results  of  the  studies  conducted  for  this  report  are  presented 
in  Section  5. 

For  detailed  information  regarding  this  program  refer  to  the  Users 
Manual  for  the  Flood  Hydrograph  Package  (HEC-1)  Dam  Safety  Version 
prepared  by  the  Hydrologic  Engineering  Center,  U.S.  Army  Corps  of 
Engineers,  Davis,  California. 
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LAKE  LATTIMORE  DAM 
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PLATE  D-I 


DRAINAGE  AREA  MAP 

Scale  l"=  4000' 


HYDROLOGY  AMD  HYDRAULIC  ANALYSIS 
DATA  BASE 

NAME  OF  DAM!  LAKE  LATTIMORE  _  RIVER  RASIN'  DELAWARE _ 

PROBABLE  MAXIMUM  PRECIPITATION  (PMP)  = _ 21’9 _ INCHES/ 24  HOURS'" 
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1 

2 

3 

4 

STATION  DESCRIPTION 
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LAKE 
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MARCEL 

LAKE  DAM 

CAMP  MAS SAD 
LAKE 

DRAINAGE  AREA  (SQUARE  MILES) 

.64 

3.74 

| 

2.75 

CUMULATIVE  DRAINAGE  AREA 
(SQUARE  MILE) 

.64 

4.38 

4.38 

7.13 

6  HOURS 

CC  (M 

z  o  12  HOURS 

IU  U-  Ui  " 

5  o  '?  24  HOURS 

1-  Q-  <  _ 
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X  t 
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Tp=C,(L-Lco)  (hours) 

: z 
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1 

.45/1.23 

1,1=  .28 

CtO,1)0,6* 

.57 

1 

.45/1.23 

2.83 

.7 

1.52 

1 

.45/1.23 

3.35 

1.40 

1.96 

CREST  LENGTH  (FT.) 

4 

K 

g  FREEBOARD  (FT.) 

DISCHARGE  COEFFICIENT 

>- 

< 

f,  EXPONENT 

£  ELEVATION 

10 

1 

2.7 

1.5 

1307 

60 

6.5 

3.88 

1.5 

1231 

NORMAL  POOL 

^  1/1 

elev. 

?  o 

«*  < 

-  ELEV. 

140.2 

1320  =  175 

29.5 

1240  =  41.9 

12.3 

1180  =  25.6 

~  NORMAL  POOL171 

LiJ  qj 

O  LxJ  (B) 

<  £  ELEV. 

01  UJ  181 

o  a;  ELEV. 

►“  V, 

W  «*  *81 

ELEV  ......  . 

3704 

1223  =  0 

159 

1214.9  =  0 

61.4 

1055  =  0 

.  -  -  -- 

HYDROLOGY 

AND  HYDRAULIC 

DATA  BASE 

ANALYSIS 

NAME  OF 

DAM'  LAKE  LATTTMORE 

_  .  RIVER 

basin: 

DELAWARE 

PROBABLE 

MAXIMUM 

PRECIPITATION  (PMP)  =  21- 

9 

INCHES/ 24  HOURS*" 
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STATION  DESCRIPTION 


DRAINAGE  AREA  (SQUARE  MILES) 


CUMULATIVE  DRAINAGE 
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l-  a:  £ 

6  HOURS 

z  o 

UJ  u.  UJ 
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T>  o  s? 
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</>  5  z 

3  a  ~  < 
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<  UJ 
o  u  cr  ct 

72  HOURS 

<  o  a  < 

Zone  1 

Cp  /C, 

L  (MILES)151 

L  ca  (MILES)'51 

Tp  =  C,  (L-Lco)0'3  (h, 

CREST  LENGTH  (FT.) 
FREEBOARD  (FT.) 
DISCHARGE  COEFFICIENT 
EXPONENT 
ELEVATION 

NORMAL  POOL 


NORMAL  POOL 


CAMP  MASSAD  NTCHERCRONK  WOODPECKER  WOODPECKER 
LAKE  DAM  POND  LAKE  1LAKE  DAM 


110 

10 

41 

5.5 

1 

2 

3.88 

2.7 

2.7 

1 .  5 

1.5 

1.5 

1170 

1266 

1176 

38.0 

57.7 

1280  =  69.2 

1180  =  117.9 

192.3 


238. 1  =  0!  1166  =  0 


HYDROLOGY  AMI)  HYDRAULIC  ANALYSIS 
DATA  BASE 


NAME  OF  DAM!  LAKE  LATTTMOKE  _  RIVER  BASIN! 

PROBABLE  MAXIMUM  PRECIPITATION  (PMP)  = 


IFon  FOOTNOTES  SEE  NEXT  PAGE) 

STATION 


STATION  DESCRIPTION 

DRAINAGE  AREA  (SQUARE  M 

LES) 

CUMULATIVE  DRAINAGE 
(SQUARE  MILE) 

AREA 

6 

HOURS 

z  o 

12 

HOURS 

r-  o 

24 

HOURS 

CO  5  2: 

13  g  -  < 

48 

HOURS 

o  a  <  U 

72 

HOURS 

a  0.  a.  a: 

<  0  0  < 

Zone  1 

C„  /C, 


L  (MILES)' 


L  co  (MILES)' 


Tp  --  C,  (L  Lco) 


CREST  LENGTH  (FT.) 
FREEBOARD  (FT.) 
DISCHARGE  COEFFICIENT 
EXPONENT 
ELEVATION 

NORMAL  POOL 


NORMAL  POOL  171 

(01 


LAKE  LAKE 

LATTIMORE 


2.62 


11.13 


53.8 

1060=126.9 


199 

1029.9=0 


_ DEJ,AWARE__ 

.INCHES/24  HOURS1 


ELt  V 


(B) 


f 


1 


Corps  of 

Corps  of  | 

Engineers,  1956.  j 

(3)  ^ 

Hvdrological  zone  defined  by  Corps  of  Engineers,  Baltimore  District,  I 

for  determining  Snyder's  Coefficients  (Cp  and  Ct).  ] 

(^Snyder's  Coefficients. 

=  Length  of  longest  water  course  from  outlet  to  basin  divide. 

I,  =  Length  of  water  '-ourse  from  outlet  to  point  opposite  the 
centroid  of  drainage  area. 

I 

^^Planimetered  area  encompased  by  contour  upstream  of  dam. 

^^PennDER  files. 

(^Computed  by  conic  method. 


Hydrometeorological  Report  33  (Figure  1),  U.S.  Army, 
Engineers,  1956. 


(2) 


Hydrometeorological  Report  33  (Figure  2),  U.S.  Army, 


TABLE  NO.  1 


COMPARISON  OF  WATER  SURFACE  ELEVATIONS 
LAKE  LATTIMORE  DAM 


PMF  =  23,807  cf a 


Crest 

Elevation  -  1044.9 

Low  Point  - 

1044.9 

Spillway  Elevation  - 

STAGE 

CREST  OF 
ELEVATION 

DAM 

DEPTH 

7700’  D/S  OF  DAM* 
ELEVATION 

A. 

At  Low  Point  in 
Embankment  Crest 

1044.9 

0 

751.6 

B. 

22%  PMF  Overtopping 

No  Breach 

1045.51 

.61 

752.5 

C. 

22%  PMF  Overtopping 
(15  Min.  Breach) 

1045.42 

.52 

754.1 

D. 

22%  PMF  Overtopping 
(1  Hour  Breach) 

1045.43 

.53 

753.5 

*Several  cottages  located  about  7700  feet  downstream  of  Lake  Lattimore  Dam. 

This  area  was  considered  to  be  the  damage  center. 

Condition  C:  (Time  refers  to  elapsed  time  after  start  of  storm).  Time  to 

reach  breach  elevation  1045. 4  at  dam  =  42.25  Hours.  Water 
level  7700'  downstream  prior  to  breach  =  752.5.  Duration  of 
breach  =  15  Minutes.  Time  for  bread)  to  peak  7700'  down¬ 
stream  =  .5  Hours.  Peak  elevation  7700'  downstream  due  to 
breach  =  754.1.  Rate  of  increase  in  water  level  =  1.6  in 
30  Minutes. 


•M  I  Hi  .rrlif'lil  :  (Milan  No  LENIRR 
916-440-2629  uih  44rt-/3^9) 
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FIOOI'  HYUKOGRAFH  I  ACKAGE  (HEC-1 ) 

DAM  SAFflY  V[!tF!0»l  JULY  1978 
IASI  MODIFICATION  26  FEB  79 
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PREVIEW  OF  SEQUENCE  OF  STREAM  NETWORK  CALCULATIONS 

RUNOFF  HYPROGRAPH  AT  1 
ROUTE  HYPROGRAPH  TO  2 
ROUTE  HYPROGRAPH  TO  3 
ROUTE  HYPROGRAPH  TO  4 
RUNOPF  HYPROGRAPH  AT  5 
COMBINE  2  HYBROGRAPHS  AT  6 
ROUTE  HYUROGRAFH  TO  7 
ROUTE  HYMiOGR APH  TO  8 
RUNOFF  HYBRnGRAPH  AT  9 
COMBINE  2  HYBROGRAPHS  AT  10 
ROUTE  HYPROGRAPH  TO  11 
ROUTE  HiBROGRAPH  TO  12 
ROUTE  HYPROGRAPH  TO  13 
RUNOFF  HYPROGRAPH  AT  14 
ROUTE  HYBROGRAPII  TO  15 
ROUTE  HYPROGRAPH  TO  16 
RUNOFF  HYPROGRAPH  AT  17 
COMBINE  2  HYBROGRAPHS  AT  18 
ROUTE  HYPROGRAPH  TO  19 
ROUTE  HYPROGRAPH  TO  20 
RUNOFF  HYPROGRAPH  AT  21 
COMBINE  3  HYBROGRAPHS  AT  22 
ROUTE  HYPROGRAPH  TO  23 
END  OF  NETWORK 


FLOOP  HYPROGRAPH  PACKAGE  (HEC-1) 
DAM  SAFETY  VERSION  JULY  1978 
LAST  MOPIF (CATION  76  F£R  79 

mtmmmummmtmmt 

RUN  PA  IF *  110/05/13. 

TIME*  06.07.43. 


LAKE  LATTIMORE  BAM  *»♦*  BINGMANS  CREEK 
PELANARE  TWP.,  PIKE  COUNTYi  PA. 

ND1  I  PA-00406  PA  PER  *  52-78 

JOB  SPECIFICATION 


NO 

NHR  NMIN 

I  BAY 

I  HR 

IMIN 

METRC 

300 

0  15 

0 

0 

0 

0 

JOPLR 

m 

LROPT 

TRACE 

5 

0 

0 

0 

OUTFLOW  IS 


13628.  AT  TIME  42.25  HOURS 


•5/3/ 


i  ■  MJTFLOW  IS 

11085.  AT  TIME 

42.25  HOURS 

•EAK  OUTFLOW  IS 

8537.  AT  TIME 

42.50  HOURS 

PEAK  OUTFLOW  IS 

6113.  AT  TIME 

42.75  HOURS 

PEAK  OUTFLOW  IS 

3840.  AT  TIME 

42.75  HOURS 

PEAK  OUTFLOW  IS 

1832.  AT  TIME 

43.00  HOURS 

mmmt  mmmt  tmmm  mmmt  imittut 


PEAK  FLOW  AND  STORAGE  (END  OF  PERIOD)  SUMMARY  FOR  HUUIPLE  PLAN-RATIO  ECONOMIC  COMPUTATIONS 
FLOWS  IN  CU6IC  FEET  F£R  SECOND  (CUBIC  MEIERS  PER  SECOND) 

AREA  IN  SQUARE  MILES  (SQUARE  KILOMETERS) 


RATIOS  APPLIED  TO  FLOWS 

OPERATION  STATION  AREA  PLAN  RATIO  1  RATIO  2  RATIO  3  RATIO  4  RATIO  S  RATIO  6  RATIO  ?  RATIO  B  RAW)  ? 
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2 

.64 

1  1219. 

780. 

831. 

583. 

426. 

302. 

173. 

77. 

14. 

( 

1.66) 

(  34.51) ( 

27.98X 

23.53X 

16.50X 

12.07) ( 

8.54X 

4.90X 

.  82)  ( 

.40) 

ROUTED  TO 

3 

.64 

1  1215. 

906. 

828. 

581. 

423. 

299. 

171. 

29. 

14. 

( 

1.66) 

(  34.42X 

27.92X 

23.46X 

16.46X 

11.98M 

8.47X 

4.B5X 

.BIX 

.40 

ROUTED  TO 

4 

.64 

1  1211. 

978. 

821. 

574. 

420. 

296. 

166. 

28. 

14. 

( 

1.66) 

(  34.29H 

27.70X 

23.24X 

16.25X 

11.88)  ( 

8.40X 

4.70X 

.80)1 

.40' 

HYDROGRAPH  AT 

5 

3.74 

l  8659. 

7360. 

6474. 

5195. 

4329. 

3464. 

2598. 

173’. 

86,*  • 

( 

9.69) 

(  245.20) ( 

208. 42X 

183. 90X 

147.12X 

122. 60X 

98.08X 

73.56X 

49.04X 

24.52’ 

2  COMBINED 

6 

4.T8 

1  9671. 

8134. 

7101. 

5566. 

4564. 

3590. 

2634. 

1740, 

( 

11.34) 

(  273.85X 

230.38) ( 

201. 08X 

157. 60X 

129. 24X 

101. 65X 

74.57X 

49.52 X 

2  4 . 7P ; 

ROUTED  TO 

7 

4.38 

1  964.  . 

8115. 

7024. 

5540. 

14-4, 

3407. 

7482, 

■ : 

( 

11.34) 

(  272.98) ( 

229,78)1 

200. 65) ( 

156. 89X 

127. 25X 

96.46X 

70.28X 

45.85X 

7'  .42  1 

twUlED  TO 

8 

4.38 

l  9643. 

8118. 

7091. 

5524, 

4513. 

3405. 

2480. 

1618. 

;r 

( 

11.34) 

(  273.07M 

229. 87X 

200, 80) ( 

156. 43X 

127. 79X 

96.42)1 

70.21)  ( 

45.82X 

7.'.42 

HYDROGRAPH  AT 

? 

2.75 

1  5485. 

4662. 

4114. 

3291  . 

2713. 

7194. 

1646. 

1097. 

( 

7.12) 

(  155.32X 

132.  ATX 

114. 49X 

93. 19)  ( 

77.66X 

62.13X 

44.60X 

31.04” 

( 

11.  JO 

1  273.85X 

230.38)5 

20 1.08) 5 

157.60)5 

129.24)5 

101.65)* 

74.57)5 

4  T  ,  ' '  -1 

-  / 

4  ,*. 

- .  "1  t.D  TO 

7 

A. <8 

1  <641. 

Fir-. 

7086. 

5540. 

•t  4 ''  *5  # 

:  4  i  7 . 

24i'2. 

liM 

? :  ’  § 

l 

11.34) 

(  272.98) ( 

229.73)5 

200.65)5 

156.89)5 

127.25)5 

96.46)5 

70.28)5 

45.K.X 

72.42) 

TO 

8 

4.  18 

1  <645. 

61  H. 

[ , 

5524. 

4513. 

*433. 

2  1 1'  6 . 

'•'7. 

( 

11.34) 

(  273.07) ( 

2  2  < .  9 7 )  5 

200.80)5 

156.43)5 

12’. 79)5 

96.42)5 

70.21)5 

45.1-2'* 

’2.42) 

1 ' PROGKAPH  AT 

9 

2. 75 

1  5485. 

4a,.;. 

4114. 

32<1. 

2 '48. 

21  <4. 

Ift-V. 

10< '. 

( 

7.12) 

(  155.32)  < 

132.03)5 

116.49)5 

93.19)5 

77.66)5 

62.13)5 

4o.60)  l 

Jl.OoM 

15.53) 

2  COMBINED 

10 

7.13 

1  15109. 

12764. 

11190. 

680  4. 

4103. 

'  '‘'0 . 

1 3 S . 

( 

18.47) 

(  427.83)1 

361.41)5 

316.87)5 

249.28)5 

205.45)5 

157. 70) v 

11a. 18)5 

76 1 4‘* '  i 

37.61) 

MlUTLO  TO 

11 

M3 

1  !50<0. 

i ;  '35. 

11163. 

880 1 . 

'284. 

IL-60 . 

40*1. 

. 

1  <23. 

( 

18.47) 

(  427.31)5 

360.61)5 

316.11)5 

249.22)5 

204.84' 5 

157. 44 h 

115.85)5 

76.2*')  5 

37.47) 

uHJIED  to 

12 

7.13 

i  r.034. 

1  ?  '44. 

KIM 

8821  . 

'222. 

L-jj**. 

40=1. 

• . 

1370. 

( 

18.47) 

(  427.13)5 

360.  F6> 5 

316.56)5 

249.78)5 

204.52)5 

157.33)5 

115.85)5 

76.13)5 

37.37) 

OUTED  TO 

13 

7.13 

1  15083. 

12715. 

11166. 

8323. 

'218. 

t  r  •  ^ 

J  J  .  *  i 

a  OP*. 

76  °  4  # 

1370. 

( 

18.47) 

5  427,24)5 

360.89)5 

316.18)5 

249.85)5 

204.25)5 

157.24)5 

115.75)5 

76.00)5 

37.38) 

HTDROGRAPH  AT 

H 

.40 

1  1225. 

1041. 

918. 

735. 

612. 

4<0. 

36'. 

24'.. 

!  * W 

( 

1.04) 

5  34.68)5 

29.43)5 

26.01)5 

20.81)5 

17.34)5 

13.87)5 

10.40)5 

6.9415 

3.47) 

ROUTED  to 

15 

.40 

1  1009. 

017. 

702. 

548. 

48°, 

325. 

223. 

12'. 

74. 

( 

1.04) 

(  28.58)5 

23.13)5 

19.87)5 

15.51)5 

12.44)5 

9.20)5 

6.32)5 

3.60)5 

.67) 

-OUT ED  TO 

16 

.40 

1  1008. 

817. 

703. 

548. 

440. 

325. 

223. 

12’. 

74, 

( 

1.04) 

5  28.55)5 

23.13)5 

1«.90)( 

15.52)5 

12.45)5 

9.20)5 

6.32)5 

3.60)5 

.67) 

Hi  PROGRAPH  AT 

17 

.98 

1  2296. 

1952. 

1722. 

13 '8. 

1148. 

918. 

689. 

45®. 

( 

2.54) 

5  65.02)5 

55.26)5 

48.76)5 

39.01)5 

32.51)5 

26.01)5 

19.51)5 

13.00)5 

6.50) 

2  COMBINED 

18 

1.38 

1  3304. 

2744. 

2409. 

1°05 . 

1556. 

1 1  <  6 , 

S'6. 

548. 

246. 

( 

3.57) 

(  93.54)5 

77.71)5 

68.23)5 

53.94)5 

44.05)5 

33.88)5 

24.79)5 

15.38)5 

6.97) 

ROUTED  TO 

19 

1.38 

1  2992. 

2497. 

2174. 

1688. 

1351. 

1002. 

652. 

299. 

11®. 

( 

3.57) 

5  84.73)5 

70.70)5 

61.57)5 

47.80)5 

38.26)5 

28.38)5 

18.47)5 

8.4i’( 

3.36) 

ROUTED  TO 

20 

1.38 

1  2«4, 

2494. 

2173. 

1686. 

1351. 

1003. 

653. 

2®  •’ . 

11®. 

( 

3.57) 

5  84.79)5 

70.63)5 

61.52)5 

47.73)5 

38.26)5 

28.37)5 

18.49)5 

8.46' 5 

3.36) 

■  IYDROGRAPH  AT 

21 

2.62 

1  6152. 

4614. 

3691  . 

307 6. 

2461. 

1343. 

1232. 

615. 

( 

6.79) 

5  174.21)5 

148.08)5 

130.66)5 

104.53)5 

87.11)5 

69.69)5 

52.26)5 

34,84)5 

I7. 42) 

3  COMBINED 

n 

t,  L 

11.13 

1  2380’. 

200/3. 

1  MO. 

13835. 

11263. 

8625. 

6187. 

392-. 

'.®  42. 

5 

28.83) 

5  674.13)5 

568.45)5 

477.81)5 

391.76)5 

318.94)5 

244.23)5 

175.25)5 

112.66)5 

54.99) 

■vJUTED  TO 

23 

11.13 

1  23t 

1  T  8  7  J  ♦ 

1 'A*  4. 

13628. 

1 1085. 

853’. 

6113. 

384 ' . 

M  ».  I 

( 

28.83) 

5  668.39)5 

563.44)5 

493.10)5 

385.91)5 

313.91)5 

241.74)5 

1*3.10)5 

108.73)* 

51.87) 

SUMMARY  OF  DAM  SAFETY  ANALYSIS 


lAN  1 


Elf  OAT  ION 
5T0FASE 

OUTFLOW 


INI T I  At  VALUE  SPILLWAY  CREST  TOP  OF  PAH 

no;,  os  no?. oo  nos.oo 

370 J .  3692.  3833. 

2.  0.  27. 


PLAN  1 


i- i  i"  win  6iiit  1 1  AfiAL t :  h 


■■  / 


initial  value 

[LEVA! ION  1307.08 

STORAGE  3703, 


OUTFLOW 

2. 

RATIO 

NAM  NUN 

MAXIMUM 

MAXI NUN 

PE 

RESERVOIR 

DEPTH 

STORAGE 

FNE 

W.S.ELEV 

OVER  DAN 

AC-ET 

1.00 

1309.92 

1.92 

4112. 

.85 

1309.63 

1.63 

4069. 

.75 

1309.43 

1.43 

404!. 

.60 

I30».13 

1.13 

3996. 

.50 

1308.88 

.88 

3960. 

.40 

1308.61 

.61 

3920. 

.30 

1308.32 

.32 

38 

.20 

1308.00 

.00 

3834. 

.10 

1307.52 

0.00 

3766. 

FLAN  1 


RATIO 

MAXIMUM 
FLOW, CFS 

1.00 

1215. 

.85 

9f.6. 

.75 

820. 

.60 

58! . 

.50 

423. 

.40 

299, 

.30 

171. 

.20 

29. 

.10 

14. 

SPILLWAY  i  R£ST 

TOE  OF  DAN 

130  .00 

1302.00 

3692. 

3833. 

0. 

27. 

MAX  1  NUN 

DURATION 

TIME  OF 

TINE  OF 

OUIELOU 

OVER  TOF 

MAX  OUTFLOW 

FAILURE 

CFS 

HOURS 

HOURS 

HOURS 

1219. 

20.50 

47.00 

0.00 

988. 

19.50 

42.00 

0.00 

831. 

18.75 

42.25 

0.00 

583. 

17.50 

42.50 

0.00 

426. 

16.00 

42,50 

0.00 

303 . 

14.25 

42.75 

0.00 

173. 

12.00 

43.00 

0.00 

:?. 

1.95 

44.50 

0.00 

14. 

0.00 

44.50 

0.00 

STATION 

3 

MAXI  NUN 

TINE 

ST  AGE, FT 

HOURS 

1781 

.9 

42.00 

1381 

.7 

42.25 

1 7?  1 , 

42.25 

1781 

.3 

42.50 

1780 

,9 

42.75 

1780, 

,3 

43.00 

17.9?, 

>R 

43.25 

12 '9. 

,1 

44.75 

12.9?, 

,1 

44.75 

FLAN  1  STATION  4 


RATIO 

MAXIMUM 

FLOW, CFS 

MAXIMUM 

SIAGE.TT 

TIME 

HOURS 

1.00 

1711. 

1350.1 

42.25 

.85 

9  '8. 

1749.5 

42,50 

.75 

871. 

I24R.9 

42.50 

.60 

594. 

1748.1 

42.75 

.50 

470. 

174 ’,6 

43.00 

.40 

296. 

17! -.7 

43.25 

.30 

166. 

1246.2 

43.75 

.70 

28. 

1241. 1 

45.25 

.10 

14. 

1244.2 

45.50 

SUNNARY  OF  GAN 

SAFETY  ANALYSIS 

III  VAT  ION 

STORAGE 

OUTFLOW 


initial  VALUE 
1231.03 
15?. 

1. 


SP1UVAY  I KLSI 
1231.00 
loG. 

0. 


TOP  OF  PAN 
1237.50 
3  78, 

3858. 


k 


RATIO  FLOWiCFS  SlAGf'.fl  HOURS 


S/-7 


MN  1 


"LAN  1 


1.00 

1711, 

I.  ‘.1 

40.25 

.00 

978. 

104?. 5 

42.50 

.75 

801. 

1048.9 

42.50 

.60 

5-4. 

1248.1 

42.75 

.50 

400. 

1047,6 

43.00 

.40 

096. 

1M7.0 

43.25 

.30 

166. 

1246.2 

43.75 

,:o 

28. 

1244.1 

45.25 

.10 

14. 

1244.2 

45.50 

SUMMARY  OF  DAM  SAFE1Y  ANALYSIS 

INITIAL  VALUE 

SPILLWAY  CREST 

TOP  OF  DAM 

ELEVATION 

1231.02 

1231.00 

1237.50 

STORAGE 

159. 

158. 

378. 

OUTFLOW 

1. 

0. 

3658. 

RATIO 

MAXIMUM 

MAXIMUM 

MAXIMUM 

MAXIMUM 

DURATION 

TIME  OF 

OF 

RESERVOIR 

DEPTH 

STORAGE 

OUTFIOW 

OVER  TOP 

MAX  outflow 

FMF 

W.S.ELEV 

OVER  DAM 

AC-FT 

CFS 

HOURS 

HOURS 

1.00 

123«.08 

1.58 

440. 

9640. 

5.50 

41.50 

.85 

1238.?7 

1.2" 

427. 

8115. 

4.50 

41.50 

.75 

1238.53 

1.03 

418. 

7086. 

4.00 

41.50 

.60 

1238.14 

.64 

403. 

5543. 

3.0  V 

41.50 

.50 

1237.80 

.30 

370. 

4494. 

2.00 

41.  T, 

.40 

1236.98 

0.00 

358. 

3407. 

0.00 

42.00 

.30 

1235,84 

0,00 

316. 

2482. 

0.00 

42.00 

.20 

1234,64 

0,00 

274. 

1619, 

0.00 

42.00 

.10 

1233.26 

0.00 

228. 

792. 

0.00 

42.25 

PLAN 

1 

STATION 

8 

MAXIMUM 

MAXIMUM 

TIME 

RATIO 

FLOW, CFS 

STAGE » FT 

HOURS 

1.00 

9643. 

1216.2 

41.50 

.85 

8113. 

1215.7 

41,50 

*r 

7051  . 

1715.3 

41.50 

.60 

5524. 

1711.4 

41.50 

.53 

4r  1 3 . 

1213.8 

41.75 

.40 

3-P5. 

1213.1 

42.00 

.30 

2480. 

1217,5 

42.00 

.20 

1618. 

1211.3 

42.00 

.10 

'92. 

I71-1.2 

42.25 

SUMMARY  OP  DAM  SAT  Hi  ANALYSIS 

INITIAL  VALUE 

SFILlUAx  C'.LST 

TOP  Of  DAM 

!  1  f VAT  ION 

1169.98 

1 1 70,00 

1175,50 

STORAGE 

61. 

{?.'  » 

147. 

OUTFLOW 

0. 

0. 

5505. 

RATIO 

MAXIMUM 

MAXIMUM 

MAXI  Mm 

MAXlf'M 

DURATION 

TIME  OF 

jir 

RES1KV0IR 

DEPTH 

STORAGE 

OUT  HOW 

OVER  TOP 

MAX  UOTTLOW 

FMF 

W.S.ELEV 

OVER  PAM 

AC-FT 

CFS 

HOURS 

HOURS 

time  or 
FAILURE 
HOURS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0,00 

0.00 


TIME  OF 
FAILURE 
HOURS 


PHF 


( 


PLAN  1 


4515. 

KIT.  f  1 

11..', 

.40 

31"). 

1.13.1 

42.  va 

.30 

2480. 

1212.5 

42.00 

.20 

1618. 

1211.3 

42.00 

.10 

792. 

1310.2 

42.25 

SUMMARY  OF  DAM  SAFETY  ANALYSIS 


INITIAL  VALUE 

SPILLL'AY  crest 

TOP  OF  DAM 

ELEVATION 

1169,98 

1170,00 

1175.50 

STORAGE 

61. 

62. 

147. 

OUTFLOW 

0. 

0. 

5505. 

RATIO 

MAXIMUM 

MAXIHUM 

MAXIMUM 

MAXIMUM 

DURATION 

TIME  OF 

OF 

RESERVOIR 

DEPTH 

STORAGE 

OUTFLOW 

OVER  TOP 

MAX  OUTFLOW 

PMF 

W.S.ELEV 

OVER  DAM 

AC-FT 

CFS 

HOURS 

HOURS 

1.00 

1178.13 

2.63 

202. 

15090. 

6.50 

41.50 

,  8  j 

1177.62 

2.12 

170. 

12735. 

5.50 

41.50 

.75 

1177.25 

1.75 

182. 

11163. 

5.00 

41.75 

.60 

1176.65 

1.15 

170. 

8801. 

3.75 

41.50 

.50 

1176.18 

.68 

160. 

7234. 

3.00 

41.75 

.40 

1175.53 

.03 

148. 

5560. 

.50 

42.00 

.30 

1174.51 

0.00 

129. 

4091 , 

0.00 

42.00 

.20 

1173.41 

0.00 

110. 

2691. 

0.00 

42.00 

.10 

1172.13 

0.00 

90. 

1323. 

0.00 

42.25 

PLAN 

1 

STATION  12 

MAXIMUM 

MAXIMUM 

TIME 

RATIO 

FLOW, CFS 

STAGE, FT 

HOURS 

1.00 

15084. 

1156.5 

41.75 

.85 

12744. 

1155.8 

41.75 

.75 

11179. 

1155.3 

41.75 

.60 

8821. 

1154.6 

41.75 

.50 

7322. 

1153,0 

42.00 

.40 

5556. 

1153.0 

42.25 

.30 

4091. 

1152.2 

42.25 

.20 

2689. 

1151,3 

42.25 

.10 

1320. 

1149. B 

42.50 

PLAN  1  STATION  13 


RATIO 

MAXIMUM 

FLOW, CFS 

UAUIUJM 
STAGE, FT 

TIME 

HOURS 

1.00 

15088. 

1059,4 

41.75 

.85 

12745. 

L"  1.8 

41.75 

.75 

11166. 

1008. 4 

41.75 

,60 

0523, 

1089,5 

41.75 

.50 

7213. 

1007.4 

42.00 

.40 

5553. 

1086,7 

42.25 

.30 

4088. 

1085.8 

42.25 

.20 

2*01. 

1085.0 

42.25 

.10 

1320. 

1084.2 

42.50 

SUMMARY  OF  DAM  SAFE1Y  ANALYSIS 

TIME  OF 
FAILURE 
HOURS 

O.CO 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 


PLAN  1 


PLAN  1 


»  < \)  ■ 

i  i  n  .  , 

•  . . 

.30  4008. 

10'ib.B 

42.25 

/o/l 

.20  2684, 

10-15.0 

42.25 

.10  1320. 

1084.2 

42.50 

SUMMARY  OF  DAM  SAFETY  ANALYSIS 

INITIAL  VALUE 

SPILLWAY  (REST 

TOP  OF  TAM 

ELEVATION 

1265.97 

1266.00 

1267.00 

STORAGE 

352. 

353. 

392. 

OUTFLOW 

0. 

0. 

27. 

RATIO 

MAXIMUM 

MAXIMUM 

MAXIMUM 

MAXIMUM 

DURATION 

TIME  OF 

TIME  OF 

OF 

RESERVOIR 

DEPTH 

STORAGE 

OUIFLIIW 

OVER  TOP 

MAX  OUTFLOW 

FAILURE 

PMF 

W.S.ELEV 

OVER  DAM 

AC-FT 

CPS 

HOURS 

HOURS 

HOURS 

1.00 

1267.25 

2,25 

487. 

1009, 

16.00 

41.25 

0.00 

.85 

1269.04 

2.04 

478. 

817. 

15.00 

41.50 

0.00 

.75 

1268.84 

1.84 

469. 

702. 

14.25 

41.75 

0.00 

.60 

1268,53 

1.53 

456. 

548. 

13.25 

41.75 

0.00 

.50 

1268.31 

1.31 

446. 

439. 

12.00 

41.75 

0.00 

.40 

1268.07 

1.07 

436, 

335. 

11,00 

42.25 

0.00 

.30 

1267.75 

.75 

423. 

223. 

9.50 

42.50 

0.00 

.20 

1267.38 

.38 

408. 

127. 

7.25 

42.75 

0.00 

.10 

1266.88 

0.00 

388. 

24. 

0.00 

44.25 

0.00 

FLAN 

1 

STATION  16 

MAXIMUM 

MAXIMUM 

TIME 

RATIO 

FLQUfCFS 

STAGE, FT 

HOURS 

1.00 

lC'-il, 

1204.0 

41.50 

.85 

817, 

1203.7 

41.50 

.75 

703, 

1203,5 
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SUMMARY  OF  DAM  SAFETY  ANALYSIS 

INITIAL  VALUE 

SPILI WAY  CREST 

TOP  OF  DAM 

elevation 

1176.00 

1176.00 

1178.00 

STORAGE 

192. 

192. 
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0. 

0. 
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HOURS 
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.73 

400. 

1002. 

7.25 

43.00 

o.o? 
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1 

STATION  20 

MAXIMUM 
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TIME 

RATIO 

FLOW. CFS 

STAGE i FT 
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SUMMARY  OF  DAM  SAFETY  ANALYSIS 

INITIO!  VALUE 

SPILLWAY  CREST 

TOP  OF  DAM 

ELEVATION 
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1040.90 

1044.90 

STORAGE 
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RATIO 
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MAXIMUM 

MAXIMUM 
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TIME  DF 

OF 

RESERVOIR 

DEPTH 
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AC-FT 

CFS 

HOURS 
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.  :5> 
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0.00 

.60 
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43.00 

0.00 
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PREVIEW  OF  SEQUENCE  OF  STREAM  NETWORK  CALCULATIONS 

RUNOFF  HYPROGRAFH  AT  1 

ROUTE  IIYPR05RAPH  TO  2 

ROUTE  HYPRGGRAF'H  TO  3 

ROUTE  HYDRO GRAPH  TO  4 

RUNGT  HYPROGRAPH  AT  5 

COMBINE  2  HYPROGRAPHS  AT  6 

ROUTE  HYPROGRAPH  TO  7 

ROUTE  HYPROGRAPH  TO  8 

RUNOFF  HYDROGRAFH  AT  9 

CONFINE  2  HYPROGRAPHS  AT  10 

ROUTE  HYDROGRAFH  TO  11 

ROUTE  HYDROGRAFH  TO  12 

ROD  IE  Hr  PROGRAPH  TO  13 

RUNOFF  HYDROGRAFH  AT  14 

ROUTE  HYDROGRAFH  TO  15 

ROUTE  HYDROGRAFH  TO  16 

RUNOFF  HYDROGRAFH  AT  17 

CONFINE  2  HYPROGRAPHS  AT  18 

ROUTE  HYDROGRAFH  10  19 

ROUTE  HYDROGRAFH  TO  20 

RUNOFF  HYDROGRAFH  AT  21 

CONFINE  3  HT PROGRAPHS  AT  22 

ROUTE  HY PROGRAPH  TO  23 

ROUTE  HYDROGRAFH  TO  24 

R.JU1E  HYPRORRAPH  TO  25 

ROUTE  HYDROGRAFH  TO  26 

END  OF  NETWORK 
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PEAK  FLOW  AND  STORAGE  (END  OF  PERIOD)  SUMMARY  FUR  MULTIPLE  PLAN-RATIO  ECONOMIC  COMPUTATIONS 
FLOUS  IN  CUblC  FEE1  PER  SECOND  ICUPIC  METERS  PER  SECOND) 

AREA  IN  SQUARE  MILL.;  KILOMETERS) 


OPERATION  STATION  AREA  PLAN  RATIO  1 


RATIOS  APPLIED  TO  FLOWS 


HYDROGRAPH  AT 
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(  50.54X 

3  1785. 

(  50.54X 

4  1785. 

(  50.54) ( 


) 

) 

) 


HYDROGRAPH  AT  9 

( 


2.75  1  1207. 

7.12)  (  34.17X 

2  1207. 

(  34.17X 

3  1207. 

(  34.17X 

4  1207. 

(  34.17) ( 


) 

) 

) 


2  COMBINED  10  7.13 

(  18.47) 


1  2975. 

(  84.24X 

2  2975. 

(  84.24X 

3  2975. 

(  84.24X 

4  2975. 

<  84.24) ( 


) 

) 

) 


ROUTED  TO  11 

1 


7.13  1  2967. 

19.47)  (  84,01)1 

2  2967, 

(  84.01X 

3  2967. 

(  84.01 ) ( 

4  2967. 

(  84.01X 


) 


ROUTED  TO 


12  7.13 

(  18,47) 


1  2964. 

(  83. ’IX 


4  2967, 

(  84.01 )( 


) 

3 

) 


ROUTED  TO 

12  7.13 

1 

2964. 

(  18.47) 

( 

83.93X 

2 

2964. 

( 

83.93X 

3 

2964. 

( 

83.93X 

4 

2964. 

( 

83.93X 

3 

) 

3 


ROUTED  TO  !3 

( 


7.13  1  2959. 

18.47)  (  83.78X 

2  2959. 

<  83.78H 

3  2959. 

(  83.78) ( 

4  2959. 

(  83. 78)  { 


) 


HYDROGRAPH  AT  14 

( 


.40  1  269. 

1.04)  (  7.63H 

2  269. 

(  7,63)1 

3  269. 

(  7.63X 

4  269. 

(  7,63) ( 


) 


ROUTED  TO  15 

( 


.40  1  147. 

1.04)  (  4.16X 

2  147. 

(  4.16X 

3  147. 

(  4.16X 

4  147, 

<  4.16X 


) 

) 

) 


ROUTED  TO  16 

( 


.40  1  147, 

1.04)  (  4.16X 

2  147. 

(  4.16X 

3  147. 

<  4.16X 

4  147. 

(  4.16X 


) 

> 

) 


HYPROGRAPH  AT  17 

( 


.98  1  505. 

2.54)  (  14.30X 

2  505. 

(  14.30X 

3  505. 

(  14.30X 

4  505. 

(  14.30) ( 


) 

) 


1  612. 

<  17.33X 

2  612. 

(  17.33)1 


2  COMBINED 


18  1.38 

(  3.57) 


t  14, JU) ( 


1 

4 

) 

> 

> 

> 

) 

) 


2  COMBINED 


ROUTED  TO 


ROUTED  TO 


HYDROGRAF'H  AT 


18  1,38 

(  3.57)- 


19  1.38 

(  3.57) 


20  1.38 

(  3.57) 


21  2.62 

(  6.79) 


1  613. 

(  17.33M 

2  612. 

1  17.3JX 

3  612. 

(  17.33X 

4  612. 

1  17.33X 

1  355. 

1  10.05X 

2  355. 

1  10.05X 

3  355. 

(  10.05X 

4  355. 

1  10.05X 

1  354. 

1  10.03X 

2  354. 

(  10.03)  ( 

3  354. 

(  10.03) ( 

4  354. 

(  10.03) ( 

1  1354. 

(  38.33) ( 

2  1354. 

(  33.33X 

3  1354. 

(  39.33X 

4  1354. 

(  33.33X 


> 

) 


3  COMBINED  22  11.13 

(  28.83) 


1  4399. 

(  124. 57X 

2  4394. 

(  124.5.7)  ( 

3  4399. 

(  124.37)1 

4  4399, 

1  124.57)1 


) 

> 


ROUTED  TO 


23  11.13 

1  28.83) 


1  7478. 

1  211.75)1 

2  6053. 

1  194.05)1 

3  5954. 

1  168.54)1 

4  4253. 

1  120.43)1 


) 


ROUTED  TO  24 

1 


11.13  1  6872. 

28,83'  (  194. 6A ' 1 

2  6481, 

1  183.52)1 

3  5864. 

1  166.06)1 


) 


4 


J  ' 


> 

) 

) 

) 

) 

) 

) 


ROUTED  TO 


ROUTED  TO 


ROUTED  TO 


24  11.13 

(  20,03) 


25  11.13 

(  28.33) 


26  11.13 

(  28.83' 


4.53. 

(  170. 43' t 

A?  72. 

(  194.60' ( 
3481. 

(  183.1.2)  ( 
5864. 

(  166.06)  ( 

4244. 

(  120.18' ( 

687', 

(  1*74. 'I.)  ( 
6406. 

1  181. 40' 1 

5  .’56, 

(  163. 00  W 
4247. 

(  170.35)1 

66'1 . 

(  188.90)  ( 

6472. 

(  181. 35X 

?691, 

(  161.15)1 

424.', 

(  120.24)1 


SUMMARY  08  PAH  SAFE!'  ANALYSIS 


> 

HAN  1  .... 

. 

INITIAL 

VALUE 

SPILLUAY  fREST  FOR  OF  PAM 

Elf  OAT  ION 

130? 

.08 

1  JOT. 00  1308.00 

S’ OR  At -t 

3703. 

36*2. 

) 

Hit  I  FLOW 

0. 

■X  x 

k  >  4 

1 

RATIO 

MAXIMUM 

MAXIMUM 

HAM  HUH 

HAM  MUM  I'URATION 

TI hi  Of 

OF 

M  H -VUIR 

!:l  FM 

SlORAGt 

OIMFlOU  OUt  R  TOP 

MAX  OUTFLOW 

) 

l-F 

u.s.tuo 

001 N  PAM 

AC-F  r 

CF  8  HOURS 

HOURS 

1308.07 

.07 

3844. 

61.  7,00 

43.71, 

) 

HAN  2  ... 

1NIT1A1 

130’ 

VALUE 

.08 

SFILIUAY  FREST  TOR  OF  PAH 

1307,00  1308.70 

HfOAFION 

) 

SlHK.VOl, 

\? 

03. 

3692. 

3833. 

U" If  1 11  J 

0. 

1  '  ^ 

) 

RAT  10 

MAXIMUM 

MAXIMUM 

MAXIMUM 

HAMMUM  Pl’KATlON 

TIME  OF 

O'* 

Of  *' '  E  1  ’  P 

PH  ft 

STO'  ATE 

0U1MUU  GVt R  ’Of 

NAX  OUTFLOW 

> 

F  ft 

W.S.F  l  i  V 

OVt  K  PAH 

AO  -  F  1 

OF S  HOURS 

HOURS 

X  1 

1303.07 

.0? 

3844. 

61.  7.00 

43.75 

) 

HAN  3  ... 

INITTAI 

0, '  llf 

Mill  NAT  CRIST  llH' 

8)  PAM 

UK'.'1  ION 


I  V'.O: 


I 


I  <.'6..  .' 


TIME  Of 
fAlllSE 
HOOKS 

0,00 


TIME  OF 
FAILUM 

HOOKS 

0.00 


PLAN  3 


PLAN  A  .. 


-  • 

'  1  k  1 

t  w  «  .  w 

w  '  v  ^ 

INITIAL  VALUE  SPILLWAY  CREST  TOP  OE  PAH 

J  . 

/ 

ELEVATION 

1307,08 

1307.00 

1308.00 

SI  OK AGE 

3703. 

3692. 

3033. 

OUTFLOW 

T 

i,  * 

0. 

21. 

RATIO 

HAXIHUH 

HAXIHUH  MAM  HUH 

HAXIHUH 

duration 

TIHE  OE 

11  HE  OF 

or 

RESERVOIR 

DEPTH  STORAGE 

OUTFLOW 

OVER  TOP 

HAX  OUTFLOW 

FA  It  URE 

PhF 

W.S.ELEV 

OVER  PAH  AE-Ft 

CFS 

HOURS 

HOURS 

HOURS 

1 

1308.07 

.07  3844. 

61. 

7,00 

43.75 

0.00 

**••*»•» 

INITIAL  VALUE  SPILLUAY  CREST  TOP 

OF  PAH 

!  OVATION 

180 ;.  08 

130 ’.00 

1 JOB. 00 

SUVA01 

3  703. 

3692. 

3B33. 

OU'HVW 

*1  ^ 

0. 

27. 

k.V’O 

*.*\1  Mi  iM 

NAVI  “OH  HAM  HUH 

HAXIHUH 

DURATION 

TIHE  OF 

TIHE  OF 

»>  k  *  ■  ** .  0 !  K 

!■!  P'4  STORE  St 

OUHLiiU 

OUk  HIP 

HAX  OUTFLOW 

FAILURE 

f  r*» 

w . . :  U  V 

OVER  PAN  At.  -F 1 

EE  S 

HOUR'S 

HOUR'S 

HOUR'S 

1  Y 

1309.0? 

.07  3844. 

61. 

7.00 

43.75 

0.00 

PLAN  1 

STATION 

3 

NAM  NUN 

MAXIMUM 

TINE 

RATIO  FLOW. EES 

STAGLiFT 

HOOKS 

.22  60. 

1279.3 

44.00 

PLAN  2  STATION  3 


HAXIHUH 

HAXIHUH 

TIHE 

RATIO 

FLOW. CFS 

STAGEif 1 

HOURS 

*n 

60. 

1279.3 

44,00 

PLAN  3 

STATION 

3 

HAXIHUH 

HAXIHUH 

TIHE 

RATIO 

flow >ee  s 

SI AiiE  iE  T 

HOURS 

'N  T 

60. 

1279.3 

44.00 

PLAN  4 

S1ATI0N 

3 

MX1HW1 

HAXIHUH 

TM 

RATIO 

FLUUvCi  5 

STAOE.fr 

HOURS 

vx 

e 0. 

T279.3 

44.00 

FI 

AN  i 

STATION 

4 

) 

CLAN  1 

STATION 

4 

NA\1 NON 

NAX1NON 

11  HE 

RATIO 

FUW.CFS 

STAUF.I  T 

HOURS 

(v» 

58. 

1544.8 

44.50 

PLAN 

1 

STATION 

4 

) 

NAM  NON 

MAMNiN 

TINE 

RATIO 

FLCi'.CTS 

SlAi't.FT 

HOURS 

) 

1 1 

58. 

1544.8 

44.50 

) 

PLAN 

3 

STATION 

4 

) 

NAMNON 

NAMNON 

TINE 

RATIO 

fiou.ors 

STAOf.n 

HOURS 

X 

58. 

1544,8 

44.50 

) 

PLAN 

4 

STATION 

4 

NAMNON 

NAMNON 

11 M 

t 

RATIO 

FlOw.fiS 

SI  AGE -FT 

HOlhS 

1 

58. 

1544.8 

44,50 

i  1 

SUH.NART  or  LAN  SAFE  IT  ANALT 

SIS 

HAN  1 

. 

INITIAL  OALL't 

SPIll U'ATf  CRIST  ICC  OF  PAH 

!  5: OAT  ION 

1531.05 

1531.00  |J3 M  0 

si 

15-’. 

US.  8'S. 

i's‘l :  l  OJ 

\  , 

0.  3S5S. 

RATIO 

NA'  NAMN'N 

NAXlf  N  Pi  RAMON  MNL  >'N 

mm:  o- 

Nt :  tR-.OiR 

IMS  SU-A-f 

Oi'iMO;  iVt.x  TOR  NAX  CM- LOU 

lAIM-t 

OMR  r-M  ACM 

Ot S  HOURS  HOlaS 

HOURS 

mas  :  ... 

INITIAL  vAlOE 

SPU'.UAl  CRIST  TCP  OF  PAN 

MI  OAM  ON 

1531.05 

1051.00  153'. 50 

Hi'Ml'U 

1. 

Hi*.  „'V, 

^  •  5i'jd  i 

RATIO 

** 

►  AXjx'-N  NAMVN 

nax : non  pupation  tine  or 

TINE  Ot 

V  •:  •  :r 

UU’.i:*1  CUR  H'-f  NAX  OUTFLOW 

f  Alii  '1 

L.S.lllU 

OUR  I  ax  ac-m 

Cl  S  HOUR'S  HOURS 

HO, MS 

.55 

j  ^  { 4 ,  ^  0 

0.00  58>, 

1 '8a.  0.00  45.00 

0.00 

IN!  T  i-M  l  '.i  ■  ; 


!. ,  Ml 


I'M  ST 


I ,  AS 


top  rr  r-.:i 


FLAN  3  .  INf Tl Vl  V.u.Ot  SPILLUAY  CREST  TOP  OF  DAM 


ELFOATI3N 

1231 

,02 

1231.00 

1237.50 

1 * 

STORAGE 

159. 

158. 

378. 

OUTFLOW 

1. 

0. 

3858. 

:> 

RATIO 

MAXIMUM 

MAXIMUM 

MAXIMUM 

MAXIMUM 

DURATION  TIME  OF 

TIME  OF 

OF 

RESERVOIR 

DEPTH 

STORAGE 

OUTFLOW 

OVER  10P  MAX  OUTFLOW 

FAILURE 

> 

F'MF 

U.S.ELEV 

OVER  DAM 

AC- FT 

CFS 

HOURS  HOURS 

HOURS 

I'} 

♦  AA 

1234,89 

0.00 

283. 

1786. 

0.00  42.00 

0.00 

PLAN  4  . 

INITIAL  VALUE  SPILLWAY  CREST  TOP  OF  PAH 

) 

ELEVATION 

1231.02 

1231.00 

1237.50 

STORAGE 

159. 

153. 

373. 

OUTFLOW 

1. 

0. 

3853. 

RATIO 

MAXIMUM 

MAXIMUM 

MAXIMUM 

MAXIMUM 

DURATION  TIME  OF 

TIME  OF 

> 

OF 

RESERVOIR 

DEPTH 

STORAGE 

OUTFLOW 

OVER  TOP  HAX  OUTFLOW 

FAILURE 

F'hF 

U.S.ELEV 

OVER  DAM 

AC-FT 

CFS 

HOURS  HOURS 

HOURS 

> 

OT 

1  AA 

1234.89 

0.00 

283. 

1786, 

0.00  42.00 

0.00 

) 

PLAN  1 

STATION 

8 

MAXIMUM 

MAXIMUM 

TIME 

) 

RATIO 

FLOWrCFS 

STAGE. FT 

HOURS 

m 

*  CC 

1785. 

1211.6 

42.00 

FLAN  2  STATION  8 


i 

MAXIMUM 

MAXIMUM 

TIME 

RATIO 

FLOW. CFS 

STAGE. FT 

HOURS 

) 

11 
*  cc 

1785. 

1211.6 

42.00 

) 

PLAN 

i  3 

STATION 

8 

) 

MAMhUM 

MAXIMUM 

TIME 

w 

RATIO 

fl.OU.CE S 

STAGE. FT 

HOURS 

) 

■  n 

Ut 

1785, 

1211.6 

42.00 

) 

PLAN 

1  4 

STATION 

8 

MAXIMUM 

MAXIMUM 

TIME 

) 

RATIO 

FLOW, CIS 

STAGE. FT 

HOURS 

.22 

1/U5. 

1211,6 

42.00 

SUMMARY  OF  PAM  SAFETY  ANALYSIS 


OX 


) 


JuililhM  Ul  L'nil  jnl  L  1  I  MhiilI  JlU 


> 

F'LAN  1  . 

INITIAL  VALUE 
1169.93 

qpti  i  uay  PtrcT  top  nr  n*M 

ELEVATION 

1170.00 

1175.50 

STORAGE 

61. 

62. 

147. 

) 

OUTFLOW 

0. 

0. 

5505. 

) 

RATIO 

MAXIMUM 

MAXIMUM  MAXIMUM 

MAXIMUM 

DURATION 

TIME  OF 

Of 

RESERVOIR 

PEF'IH  STORAGE 

OUT  FLOW 

OVIK  TOP 

MAX  OUT El.OW 

PMF 

U.S.ELEV 

OVER  DAH  AL  II 

GTS 

HOURS 

HUUKS 

) 

.22 

1173.64 

0,00  114. 

2967. 

0.00 

42.00 

) 

FLAN  2  . 

INITIAL  VALUE 
1169,93 

qpti  i  uay  rpp-,r  top  nr  ham 

ELEVATION 

1170.00 

1175.50 

\ 

STORAGE 

61. 

62. 

147. 

J 

OUTFLOW 

0, 

0. 

5505. 

) 

RATIO 

MAXIMUM 

MAXIhUM  MAXIMUM 

MAXIMUM 

DURA T ION 

TIME  OF 

OF 

RESERVOIR 

l'EE'TH  SI  OSAGE 

OUIflOU 

OVER  TOP 

HAX  outflow 

} 

PHI 

U.S.ELEV 

OVER  PAH  AE-E  1 

CFS 

HOURS 

'<  HOURS 

*22 

1173.64 

0.00  114. 

2967, 

0.00 

42,00 

) 

FLAN  3  . 

1  4  . . . 

INITIAL  VALUE 

SPILLWAY  CREST  TOP 

OF  PAM 

) 

ELEVATION 

1169.9B 

1170,00 

1175.50 

S !  ORAM 

61, 

62, 

14'. 

OUTFLOW 

0. 

0, 

5505. 

> 

RATIO 

MAXIMUM 

MAXIMUM  MAXIMUM 

MAXIMUM 

DURATION 

TIME  OF 

) 

OF 

Rt  :.'F  RVlHR 

PERTH  STORAGE 

OUTFLOW 

OVER  1UP 

HAX  OUTFLOW 

FflF 

U.S.F  LEV 

OVER  PAH  AC-f  1 

CFS 

HOURS 

HuUKj 

) 

« *2 

1173.64 

0,00  114. 

2967. 

0.00 

42.00 

) 

FLAN  4  .... 

•  >«<<••  1  «  1  4 

INITIAL  VALUE 

SPILLWAY  CREST  TOP 

OF  PAH 

ELEVATION 

1169. VO 

1170.00 

1175.50 

SIOKAu- 

61. 

02* 

147. 

) 

OUTFK'W 

0. 

0. 

5505. 

) 

RATIO 

MU  HUH 

hauhuh  maximum 

MAXIMUM 

DURATION 

TIME  OF 

O'- 

RESERVOIR 

PI  Fill  STORAGE 

DUHIUW 

OVER  10P 

HAX  OUTFLOW 

FnF 

U.S.EIEV 

OVER  PAH  ALU 

crs 

HOURS 

HOURS 

) 

1  ""1 

1173.64 

0,00  114, 

2967. 

0.00 

42.00 

) 

PLAN  1 

STATION 

12 

) 

MA  in 

■■1  MAXIMUM  TIME 

RATIO  FLOW, II 

■S  STAGE • FI 

HOURS 

time  or 
FAILUkE 
IIUIJRS 

0.00 


TIhE  or 
FAILUKE 
HuUKS 

0.00 


time  or 
FAUUhE 
HOURS 

0,00 


TIME  OF 
FAIL  URL 
HuUKS 

0.00 


) 


L'VM. 


1151  .A  42.25 


.22 

2964. 

1151.6 

42.25 

PLAN 

2 

STATION 

12 

MAXIMUM 

MAXIMUM 

TIME 

RATIO  FLOU.LFS 

STAGE. FT 

HOURS 

.22 

2964. 

1151.6 

42.25 

PLAN 

3 

STATION 

12 

MAXIMUM 

MAXIMUM 

TIME 

RATIO  1 

FLOW . CPS 

STAGE. FT 

HOURS 

.22 

2964, 

1151.6 

42.25 

PLAN 

4 

STATION 

12 

MAXIMUM 

MAXIMUM 

TIHE 

RATIO 

FLOUrCFS 

STAGE, FT 

HOURS 

.22 

2964. 

1151.6 

42.25 

PLAN 

1 

STATION 

13 

MAXIMUM 

MAXIMUM 

TIME 

RATIO 

FLOU.CV'S 

STAGE  .FT 

HOURS 

n 

2959. 

1085.2 

42.25 

PLAN 

1  2 

STATION 

13 

MAXIMUM 

MAXIMUM 

TIME 

RATIO 

FLOUrCFS 

STAGE .FT 

HOURS 

.  2’’ 

2959. 

1085.2 

42.25 

PLAN 

1  3 

STATION 

13 

MAXIMUM 

MAXIMUM 

TIME 

RATIO 

FLOW  rlt'j 

SI  AGE, FT 

HOURS 

.22 

2959. 

1085.2 

42.25 

PLAN  4 

STATION 

13 

MAXIMUM 

MAXIMUM 

TIHE 

RATIO 

FI  Oil. Cl'S 

STAGE, FT 

HOURS 

.22 

■."Jjv. 

1085.2 

42.25 

SUMMARY  U1  [''.It  SAFETY  ANALYSIS 

INITIAI  V'.i  (It  bt'ILIWAY  PAfST  TOP  OF  PAH 


) 


jiHiriMhl  Of  L'HII  JHI  LI  I  timtLIJlo 


I 


» 


) 


\ 


) 


) 


Y 


) 


I 


) 

) 


> 


» 


» 


) 


) 


) 


PLAN  1 


PLAN  2 


PLAN  3 


PLAN  A 


ELEVATION 

STORAGE 

OUfFLOU 

INITIAL  VALUE 
1265.97 

352. 

0. 

SPILLUAT  CREST  TOP  OF  PAM 

1266.00  1267.00 

353.  392. 

0.  27. 

RATIO 

MAXIMUM 

MAXIMUM 

MAXIMUM 

MAXIMUM 

DURATION 

TIME  OF 

OF 

RESERVOIR 

DEPTH 

STORAGE 

OUTFLOW 

OVFR  TOP 

MAX  OUTFLOW 

PHF 

W.S.ELEV 

OVER  PAM 

AC 'Ll 

LFS 

HOURS 

HOURS 

•  ^2 

1267. AS 

.AS 

All. 

1A7. 

8,00 

A2.75 

FLEVATIOM 

INITIAL  VALUE 
1265. c7 

SPIL1  UAY  ERE 
1266.00 

ST  TOP  OP  PAM 

1267.00 

ST!ikA>E 

352. 

353. 

392. 

OUTFLOW 

0. 

0. 

27. 

RATIO 

MAXIMUM 

MAXIMUM  MAXIMUM 

MAXIMUM 

DURATION  TIME  OF 

Of 

RESERVOIR 

DEPTH  STORAGE 

0U1FL0U 

OVFR  TOP  MAX  0UTILOU 

F'MF 

U.S.ELEV 

OVER  DAM  AC-FT 

CFS 

HOURS  HOURS 

'n 

1267. A6 

.A6  All. 

1A7. 

8.00  A2.75 

INITIAL  VALUE 

SPILLWAY  CREST 

TOP  OF  DAM 

ELEVATION 

1265.97 

1266.00 

1267.00 

STORAGE 

352. 

353. 

392. 

OUTFLOW 

0. 

0. 

27. 

RATIO 

IN 

PM.F 

MAXIMUM 

RESERVOIR 

U.S.ELEV 

MAXIMUM 
PERTH 
OVER  DAM 

MAXIMUM 

STORAGE 

AC-FT 

MAXIMUM 

0U1FLGJ 

LFS 

DURATION 
OVER  10P 
HOURS 

TIME  OF 
MAX  OUTFLOW 
HuURS 

.  21 

1267.A6 

.46 

411. 

147, 

8.00 

42,75 

INITIAL  VALUE 

SPILLWAY  CREST 

TOP  OF  DAM 

El  l  VAT  TON 

1265.97 

1266.00 

1267.00 

STORAGE 

357. 

353, 

392. 

OUTFLOW 

0. 

0. 

27. 

RATIO 

Of 

IrF 

maximum 

RESERVOIR 

U.S.EIEV 

MAXIMUM 
DEPTH 
OVER  DAM 

MAXIMUM 

SU'KAOE 

AC-FT 

MAXIMUM 

Dili  FLOW 

LFS 

DURATION 
OVER  IOP 
HOURS 

TIMF  OF 
MAX  mu,  LOW 
HOURS 

"■1 

i .  k 

1267.46 

.46 

411. 

147. 

8,00 

42,75 

PLAN  1 

STATION 

IS 

RATIO 

MAXIMUM 

FLOU.I.LS 

MAXIMUM 
STAGE, FT 

TIME 

HOURS 

» 


117. 


TIME  OF 
FAILURE 
HOURS 

0.00 


TIME  OF 
FAILURE 
HOURS 

0.00 


TIME  CT 
FAILURE 
HOURS 

0.00 


TIME  OF 
F  All URE 
HOURS 

0.00 


n 

♦  i 


1700.9  42.75 


3 


ruN  1 


ST  A1  ION 


16 


J 


3 

HAXIHUh 

MAXIMUM 

TIME 

RATIO 

FLOU.CFS 

STAGE. FT 

HOURS 

® 

.22 

147. 

1200.9 

42.75 

PLAN  2 

STATION 

16 

MAXIMUM 

MAXIMUM 

TIME 

RATIO 

FLOU.CFS 

STAGE  »ET 

HOURS 

OT 

f  a 

147. 

1200.9 

42.75 

1 

PLAN  3 

STATION 

16 

MAXIMUM 

MAXIMUM 

TIME 

3 

RATIO 

FLOU.CFS 

STAGE. FT 

HOURS 

.22 

147. 

1200.9 

42.75 

J 

PLAN  4 

STATION 

16 

3 

MAXIMUM 

MAXIMUM 

TIME 

RATIO 

FLOU.CFS 

STAGE, FT 

HOURS 

.22 

147. 

1200.9 

42.75 

1 

SUMMARY  OF  PAM  SAFETY  ANALYSIS 

) 

PLAN  1  .... 

INITIAL  VALUE 
1176.00 

cpti  i  ijay  rtrct  top  nr  nAK 

ELEVATION 

1176.00 

1178.00 

3 

STORAGE 

192. 

192. 

334. 

OUTFLOW 

0. 

0. 

313. 

3 

RATIO 

MAXIMUM 

MAXIMUM 

MAXIMUM 

MAXIMUM 

PURAT10N 

TIME  OF 

OF 

RESERVOIR 

PERTH 

STORAGE 

OUTFLOU 

OVER  TOP 

MAX  OUTFLOU 

3 

PMF 

U.S.ELEV 

OVER  PAM 

AC-FT 

CFS 

HOURS 

HOURS 

) 

.22 

1178.09 

.09 

342. 

355. 

2.50 

44.25 

* 

PI  AN  ?  ... 

INITIAL  VALUE 
1176.00 

cpti  i  u ay  rprcT  top  nr  ham 

ELEVATION 

1176.00 

1170.00 

Jr 

STORAGE 

192, 

192. 

334. 

3 

OUTFLOW 

0. 

0. 

313. 

RATIO 

MAXIMUM 

MAXIMUM 

MAXIMUM 

MAXIMUM 

DURATION 

TIME  OF 

3 

OF 

RESERVOIR 

PERTH 

STORAGE 

OUTFLOW 

OVER  luP 

MAX  OUIFLOU 

PMF 

U.S.ELEV 

OVER  PAM 

AC -FT 

CFS 

HOURS 

HOURS 

3 

.22 

1178.09 

.09 

342. 

355. 

2.50 

44.25 

3 


TOP  OF  PAH 


* 


TIME  OF 
FAILURE 
HOURS 

0.00 


TIME  OF 
FAILURE 
HOURS 

0.00 


PLAN  3  . 


FI  FUAT  ION 


INITIAL  VALUE 


PILLWAY  TRfST 
i  i  u  m 


•  «  *r> 


1 


) 

.22 

1178.09 

.09 

342. 

355. 

2.50 

44.25 

0.00 

) 

PLAN  3  . . . , 

initial  VALUE 
1176.00 

crn  i  i.i ay  TDrct  me 

ELEVATION 

1176.00 

1178.00 

STORAGE 

192. 

192. 

334. 

) 

OUTFLOU 

0. 

0. 

313. 

) 

RATIO 

HAXIMUM 

MAXIMUM 

MAXIMUH 

MAXIMUH 

DURATION 

TIME  OF 

TIME  OF 

OP 

RESERVOIR 

DEPTH 

SIORV.ut 

UUIFLUU 

OVER  TOP 

MAX  OUTFLOW 

FAILURE 

PHF 

U.S.ELEV 

OVER  UAH 

AC-FI 

CFS 

HOURS 

HOURS 

HOURS 

) 

*>0 

Ul. 

1178.09 

.09 

342. 

350. 

2.50 

44.25 

0.00 

) 

PLAN  4  , , , 

INITIAL  VALUE 
1176.00 

crn  i  liav  rcrcT  mt 

>  nr  r.\  m 

ELEVATION 

1176.00 

1173.00 

) 

STORAGE 

192. 

192. 

324. 

OUTFLOU 

0. 

0. 

313. 

) 

RATIO 

MAXIMUM 

MAX  I  HUH 

MAXIMUM 

MAXIMUM 

DURATION 

TIME  OF 

TIME  OF 

or 

RESERVOIR 

DEPTH 

STORAGE 

OUTFLOU 

OVER  TOP 

MAX  OUTFLOU 

FAILURE 

) 

FMF 

U.S.ELEV 

OVER  PAH 

AC-FT 

CFS 

HOURS 

HELPS 

HOURS 

TT 

•  k  i. 

1178.09 

.09 

342. 

355. 

2.50 

44.25 

0.00 

) 


PLAN  1  SIAUON  20 


MAXIMUM 

MAXIMUM 

TIME 

RATIO 

FLOUiCFS 

STAGE. TT 

HOURS 

no 

•  LL 

354. 

1081.1 

44.25 

PLAN 

2 

STATION 

20 

MAX  I  HUH 

MAXIMUM 

TIME 

RATIO 

FLOU.CFS 

STAGE. FT 

HOURS 

m 

III 

354. 

1081.1 

44.25 

PLAN 

3 

STATION 

20 

MAXIMUM 

MAXIMUM 

TIME 

RATIO 

FLOU.CFS 

STAGE  .FT 

HOUn'S 

n 

•  Li. 

354, 

1081.1 

44.25 

PLAN  4 

STATION 

20 

MAXIMUH 

MAXIMUM 

TIME 

RATIO 

FLO'.;.  EPS 

S1AGL.F  I 

HUuKa 

* » « 

3  4, 

1081.1 

44.25 

A 


Ml  111  FLUWiUb  b  I  ill*  ill  f'UUh'b 


1 

PLAN  1  .. 


PLAN  2  .. 


FLAN  3  .. 


PLAN  4 


.22  354. 

1091.1 

44.25 

SUMMARY  OF  HAM  SAFE  IT  ANALYSIS 

INITIAL  VALUE 

SPIL1UAY  CREST  TOP  OF  PAM 

ELEVATION 

1040.90 

1040,90 

1044.90 

STORAGE 

194. 

194. 

433. 

OUTFLOW 

0. 

0. 

3322. 

RATIO 

MAXIMUM 

MAXIMUM  MAXIMUM 

MAXIMUM 

DURATION 

TIME  OF 

TIME  OF 

OP 

RESERVOIR 

PERTH  STORAGE 

OUTFLOW 

OVER  TOR 

MAX  OUTFLOW 

FAILURE 

FMF 

W.S.ELEV 

OVER  DAM  AC-FT 

CFS 

HOURS 

HOURS 

HOURS 

oo 

l4.k 

1045.42 

.52  468. 

7478. 

1.29 

'42.50 

42.25 

1  «  t  1  1  1  •  » 

INITIAL  VALUE 

SPILLWAY  CREST  TOP  OP  DAM 

ELEVATION 

1040.90 

1040.90 

1044.90 

STORAGE 

194. 

194. 

433. 

OUTFLOW 

0. 

0. 

3322. 

RATIO 

MAXIMUM 

MAXIMUM  MAXIMUM 

MAXIMUM 

DURATION 

TIME  OF 

TIME  OF 

OF 

RESERVOIR 

DEPTH  STORAGE 

OUTFLOW 

OVER  TOP 

MAX  OUTFLOW 

FAILURE 

FMF 

W.S.ELEV 

OVER  DAM  AC-FT 

CFS 

HOURS 

HOURS 

HOURS 

*22 

1045.43 

•  53  468# 

6853. 

1.44 

42.75 

42.25 

INITIAL  VALUE 

SPILLWAY  CREST  TOP 

OP  DAM 

ELEVATION 

1040.90 

1040.90 

1044,90 

STORAGE 

194. 

194. 

433, 

OUTFLOW 

0. 

0. 

3322. 

RATIO 

MAXIMUM 

MAX  I  HUM  MAXIMUM 

MAXIMUM 

DURATION 

TIME  OF 

TIME  OE 

OF 

RESERVOIR 

DEPTH  STORAGE 

OU i  I  LOU 

OVi.R  IGF 

MAX  OUTFLOW 

FAILURE 

FHF 

y.S.ELEV 

OVER  DAM  AC-FT 

CFS 

HOURS 

HOURS 

HOURS 

TT 

1  k  a. 

1045.43 

.53  469. 

5954, 

1.71 

43.25 

42.25 

INITIAL  VALUE 

SPILLWAY  CREST  TOP  OF  DAM 

ELEVATION 

1040.90 

1040,90 

1044.90 

S'ORAGE 

194. 

194. 

433. 

OUTFLOW 

0. 

0. 

3322. 

RATIO 

MAXIMUM 

MAXIMUM  MAXIMUM 

MAXIMUM 

DURATION 

TIME  OF 

TIME  OF 

OF 

RESERVOIR 

DERIH  STORAGE 

OUTFLOW 

OVER  TOP 

MAX  OUTFLOW 

FAILURE 

FMF 

U.S.FlEV 

OVER  DAM  AC-rT 

CFS 

HOURS 

HOURS 

HOURS 

TT 

1  4.4. 

1045.51 

.61  474. 

4253. 

3,25 

42.75 

0.00 

PLAN  1  STATION  24 


MASHUM  , MAXIMUM  TIME 


1 

J  Lrui 

i 

J  1  M  1  J  Ull 

4.t 

> 

RATIO 

HAXIMUM 

FLOU.CFS 

fl  v«  ifiUH 

STAGE. FT 

TIME 

HOURS 

.22 

6872. 

983.0 

42.75 

FLAN 

2 

STATION 

24 

MAXIMUM 

MAXIMUM 

TIME 

RATIO 

FLU^.lo 

STAGE, FT 

HOURS 

) 

.22 

6481. 

982.8 

42.75 

> 

PLAN 

3 

STATION 

24 

3 

MAXIMUM 

MAXIMUM 

TIME 

RATIO 

FLOU.CFS 

STAGE, FT 

HOURS 

> 

IT 

*  CL 

5864. 

982.5 

43.25 

> 

PLAN 

4 

STATION 

24 

> 

RATIO 

MAXI  HUM 
FLOU.CFS 

MAXIMUM 
STAGE, FT 

TIME 

HOURS 

.22 

4244. 

981.6 

42.75 

) 

PLAN 

1 

STATION 

25 

> 

RATIO 

MAXIMUM 

FLOU.CFS 

HAXIMUM 
STAGE, FT 

TIME 

HOURS 

) 

,22 

6877. 

781.4 

42.75 

) 

PLAN 

2 

STATION 

25 

) 

MAXIMUM 

MAXIMUM 

TIME 

RATIO 

FLOU.CFS 

STAGE, FT 

HOURS 

) 

IT 

ILL 

6406. 

731.2 

43.00 

) 

PLAN 

3 

STATION 

25 

» 

RATIO 

MAXIMUM 

FLOU.CFS 

MAXIMUM 
SI  AGE  r  FT 

TIME 

HOURS 

) 

.22 

5756. 

780.8 

43.25 

PLAN 

4 

STATION 

25 

) 

MAXIMUM 

MAXIMUM 

TIME 

RATIO 

f'OU.CfS 

STAGE- FT 

HOURS 

) 

*2? 

4247. 

780.0 

43.00 

/ 


i 

r 


) 

PLAN 

3 

STATION 

25 

) 

RATIO 

MAXIMUM 

FLOU.CFS 

MAXIMUM 

SIAGE.FT 

TIME 

HOURS 

) 

.22 

5756. 

780.8 

43.25 

) 

ELAN 

4 

STATION 

25 

RATIO 

MAXIMUM 

FLOU.CFS 

MAXIMUM 

SIAGE.FT 

TIME 

HOURS 

> 

.22 

4247. 

780.0 

43.00 

) 

PLAN 

1 

STATION 

26 

) 

RATIO 

MAXIMUM 

FLOU.CFS 

MAXIMUM 
STAGE. FT 

TIME 

HOURS 

) 

.22 

6671. 

754.1 

42.75 

) 

PLAN 

2 

STATION 

26 

) 

RATIO 

MAXIMUM 

FLOU.CFS 

MAXIMUM 

SIAGE.FT 

TIME 

HOURS 

) 

.22 

6422. 

754.0 

43.00 

) 

PLAN 

1  3 

STATION 

26 

RATIO 

MAXIMUM 

FLOU.CES 

MAXIMUM 

SIAGE.FT 

TIME 

HOURS 

) 

TT 

1  *-i- 

5691. 

753.5 

43.25 

) 

FLAN 

i  4 

STATION 

26 

) 

RATIO 

MAXIMUH 
FLOW  rCFS 

MAXIMUM 
STAGE. FT 

TIME 

HOURS 

)  _ 

.22 

4246. 

752.5 

43.00 

'  HOI  ENCOUNTERED. 

M 

V  'ERHINAL  255  TIME  OUT. 

9  HIE  80/OC./12.  07.13.12. 

)l 

) 


) 


) 


f 
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GEOLOGIC  REPORT 


Bedrock  -  Dam  and  Reservoir 


Formation  Name:  Towamensing  Member  of  the  Catskill  Formation. 

Lithology:  Fine  to  medium  grained,  gray  calcareous  sandstone,  with 
interbeds  of  olive  to  gray  shales  and  siltstone.  The  sandstones 
make  up  90%  of  the  formation  and  are  thick  bedded  with  distinct 
cross-lamination.  Lenses  of  calcareous  conglomerate  are  locally 
present. 

Structure 


The  dam  is  located  near  the  eastern  edge  of  the  Pocono  Plateau. 

The  regional  strike  of  the  beds  is  NA0°E  and  the  dip  is  a  few 
degrees  to  the  northwest.  Minor  folds  are  superimposed  on  the 
regional  dip  and  locally  dips  as  high  as  15°  occur.  No  faults  are 
mapped  in  the  vicinity  of  the  dam.  Joint  sets  trending  N2°  to  13°E 
and  N82°E  to  N75°W  are  reported. 

Air  photo  fracture  traces  trend:  N5°E  and  N40°W. 

Overburden 


This  site  is  within  the  limits  of  Pleistocene  glaciation  and  variable 
thicknesses  of  glacial  till  and  outwash  sediments  are  present.  The 
records  of  borings  along  the  centerline  of  the  dam  show  one  to 
three  feet  of  topsoil  and  "clay"  above  "hardpan."  The  borings  were 
all  less  than  ten  feet  deep  and  no  rock  was  encountered.  Inspection 
reports  written  during  construction  describe  the  "hardpan"  as 
containing  clay,  boulders  and  some  sandy  layers.  It  is  likely  that 
this  material  is  glacial  till. 

Aquifer  Characteristics 

The  rocks  of  the  Catskill  formation  are  essentially  impermeable  and 
ground  water  movement  is  entirely  along  bedding  planes  and  fractures. 
The  most  permeable  aquifers  in  the  area  are  the  sands  and  gravel  of 
the  glacial  outwash  commonly  found  in  the  valleys. 

Discussion 


This  dam  is  constructed  with  a  cutoff  trench  dug  into  the  glacial 
till.  There  was  some  indication  that  some  of  the  sandy  layers  were 
water  bearing,  but  the  till  is  probably  a  quite  suitable  foundation 
material  for  a  dam  of  this  type. 


Sources  of  Information 


1.  Fletcher,  F.W.  and  Woodrow,  Donald  L.  (1970),  "Geology  and 
Economic  Resources  of  the  Pennsylvania  Portion  of  the  Milford 
and  Port  Jervis  15-Minute  Quadrangles,"  Pa.  Geologic  Survey 
Atlas  223,  Harrisburg,  Pa. 

2.  Sevon,  W.D.,  et  al.,  "Geology  and  Mineral  Resources  of  Pike 
County,"  open  file  report.  Pa.  Geologic  Survey,  Harrisburg, 
Pa. 

3.  Air  photographs  dated  1973,  scale  1:40,000. 

4.  Plans  and  inspection  reports  in  file. 
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